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1.0  INTRODUCTION 


Tho  Airframe  Design  Report  is  one  of  a  series  o^ 
documents  under  Volume  n,  Technical /Airplane/ 
called  for  by  the  FAA  Request  for  Proposal  for  f 
Phase  m  of  the  Supersonic  Transport  Develop-/ 
ment  Program.  The  Airframe  Design  Report  ip 
bound  into  five  documents:  Airtrame  Design  Re¬ 
port  -  Part  A,  V2-B2707-6-1;  Airframe  Design 
Report  -  Part  B,  V2-B2707-6-2;  Airframe  De-\ 
sl^  Report  -  P^  D,  V2-B2707-8;  Airframe  Di- 
sign  Report  -  Part  E,  V2-B2707-9;  and  this  doc\ 
ument,  Airframe  Design  Report  -  Part  C,  \ 
V2-B2707-7.  \ 

The  Flight  Test  Program,  V4-B2707-14,  includes) 
the  accumulation  of  data  for  structural  evaluation. 
The  Integrated  Test  Progfram,  V4-B2707-11,  de¬ 
scribes  and  integrates  all  structural  tests  into  a 
Immplete  program. 

This  report  presents  the  Boeing  proposal  for 
structural  design  loads  and  environment  on  the 
B-2707  commercial  supersonic  transport.  Infor¬ 
mation  on  Phase  in  planning  Is  included  to  define 
an  efficient  program  necessary  for  first  flight  of 
the  B-2707  prototype  The  proposal  also  contains 
planning  materl^/>dtfTCted  toward  Phase  IV  activ¬ 
ities. 


flight  and  ground  loads  criteria,  flutter  and  vi¬ 
bration  criteria,  and  structural  design  criteria 
are  presentediJn  Sec.  2.0.  The  prototype  and  | 
pi oductlon  alcwanes  will  meet  these  criteria. 


'‘The  design  loads  and  methods  of  analysis  together 
with  load  validation  data  are  presented  In  Sec. 

3.0.  The  effects  of  these  loads  on  ride  comfort  of 
the  passengers  and  crew  are  also  included.  ^  ^ 


^Structural  temperature  analyses  that  define  the 
effects  of  aerodynamic  and  engine -Induced  heating 
on  all  major  structure  are  presented  In  Sec.  4. 

Flutter  prevention  is  provided  to  a  minimum 
speed  margin  of  20  percent  above  Vd  at  constant 
Mach  number  and  constant  altitude  for  all  lifting 
surfaces,  control  suiiaces,  and  panels.  Aero- 
elastlc  feedback  through  the  SAS  is  precluded  by 
electronic  filtering.  Transonic  buzz  Is  prevented 
by  control  system  stiffness.  Fail-safety  Is  pro¬ 
vided  by  systems  redundancies. 

The  external  design  sound  levels  are  determined 
for  both  the  GE  and  P&WA  engines;  thrust  re- 
versers,  soimd  suppressors,  and  aerodynamic 
noise  are  considered. 

Critical  design  conditions  for  major  airframe 
components  are  summarized  in  Table  1-A. 

The  design  gpross  weight  of  635,000  lb  for  the  pro¬ 
totype  airplane  has  been  selected  to  take  advan¬ 
tage  of  the  company's  airplane  growth  experience 
on  subsonic  Jet  programs.  Analyses,  complete 
component  tests,  and  prototype  flight  and  ground 
tests,  combined  with  continuing  design  improve¬ 
ment  studies,  will  provide  growth  to  the  produc¬ 
tion  design  gross  weight  of  675,000  lb.  In  Boeing 
Document  V2-B27  07 -6-1,  Weight  and  Balance ,  the 
weight  substantiation  of  the  B-2707  is  accom¬ 
plished  through  an  analysis  of  the  635,000-lb 
gross -weight  prototype  airplane  with  Increments 
added  for  the  675,000-lb  production  airplane. 

The  structural  design  loads  are  presented  herein 
for  the  production  airplane  with  critical  design 
conditions  included  for  the  prototype  airplane. 
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Tabit  I -A.  Primary  D»$lgn  Coodifleii* 


Cond 

No. 

Condition  Description 

'  -  —I 

Critical 

Component 

^LE 

(deg) 

"CG 

Gross 

Weight 

xlO-3 

flb) 

CG 

^  ^ROOT 

Mach 

No. 

Alt 

(ft) 

(kn) 

9 

Flaps -down  maneuver 

Mng  and 
aftbody 

30 

2.0 

668 

628* 

59.0 

0.295 

0 

195 

32 

Subsonic  maneuver 

Wing 

42 

2.5 

650* 

59.5 

0.85 

29,900 

307 

609* 

31,100 

299 

25 

Supersonic  maneuver 

lA^ng 

72 

2.5 

605 

60.4 

2.  7 

64,000 

433 

570* 

65,300 

420 

17 

Dynamic  landing 

Fwd  fuselage 

30 

B 

430 

59.0 

0.212 

0 

140 

28 

Subsonic  V  gust 
c 

Fwd  fuselage 

42 

B 

380 

58.5 

0.9 

26,600 

350 

51 

Subsonic  maneuver 

Aftbody 

42 

2.5 

648 

59.5 

0.9 

33,000 

303 

608* 

34,300 

294 

50 

Supersonic  maneuver 

Aftbody 

72 

2.5 

605 

62.9 

2.  7 

64,000 

433 

609* 

65,300 

420 

180 

Flaps -down  pitch  initiation 

Horizontal  tail 

30 

1.0 

668 

59.0 

0.295 

0 

195 

628* 

212 

Subsonic  rudder  maneuver 
(d)mamic  overyaw) 

Vertical  tail 

42 

1.0 

— 

— 

0.9 

26,600 

350 

203 

Ground  turn 

Main  landing 
gears 

30 

■ 

675 

635* 

■ 

1 

205 

Pivot 

Main  landing 
gears 

_ 

30 

1 

675 

635* 

--- 

1 

1 

♦Prototype  airplane 

j  V2-B2  707-7 
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2.0  DESIGN  CRITERIA 


The  structural  design  criteria  complies  with  the 
requirements  of  Federal  Aviation  Regulations 
(FAR),  Part  25,  February  1965,  and  its  amend¬ 
ments.  Reference  2-1  is  considered  for  study, 
trial  application,  and  coordination  with  the  FAA 
during  toe  detail  design  phase  of  toe  airplane. 

Some  criteria  are  applied  in  addition  to  toe  FAA 
requirements.  Both  flight  and  ground  criteria 
are  presented  in  this  section.  The  three-view 
dra^^g  of  toe  airplane,  including  major  dimen¬ 
sions,  is  shown  in  Fig.  2-1. 

2.1  FUGHT  LOADS  CRITERIA 
The  flight  loads  criteria  are  selected  to  be  com¬ 
patible  with  the  diversified  operational  environ¬ 
ment  of  toe  supersonic  transport  and  at  the  same 
time  meet  existing  subsonic  commercial  jet  trans- 


Flgure  2-1.  B-2707,  Three  View 


port  criteria.  The  structural  design  flight  enve¬ 
lope  for  the  maximum-gross-weight  airplane  is 
shown  in  Fig.  2-2. 

2.1.1  Design  Gross  Weights 
The  airplane  design  gross  weights  used  for  com¬ 
puting  structure  design  loads  are  selected  to  be 
consistent  with  each  particular  flight  condition. 
Where  gross  weights  vary  due  to  the  engine  dif¬ 
ferences  (GE  versus  P&WA),  the  higher  of  the 
two  is  used.  The  maximum  design  gross  weights 
consider  fuel  used  during  acceleration  as  well  as 
climb.  Structural  reserve  fuel  weight  for  the 
minimum  flying  weight  is  based  on  the  require¬ 
ments  of  FAR,  Par.  25.343.^' 

The  structural  design  weights  for  the  production 
and  prototype  airplane  are  as  follows: 

Prototype  Production 
(lb)  (lb) 


Maximum  design  taxi 
weight 

635,000 

675,000 

Minimum  design  fly¬ 
ing  weight  (FAR  25) 

310,000 

314,000 

Maximum  design  flight 
wei^t  at  sea  level 

Flaps  down 

628,000 

668,000 

Flaps  up 

627,000 

666,000 

Maximum  gross 
weight  with  zero 
outboard  wing  fuel 

440, 000 

480, 000 

Maximum  design 
landing  weight 

425,000 

430, 000 

Beginning  of  cruise 
maximum  weight 

570,000 

605, 000 

Maximum  jacking 

400,000 

410,000 

weight 
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Figurt  2-2.  Structural  Dasign  Spaad-Altituda  Envelopa,  72-Degree  Wing  Leading-Edge  Sweep 


The  variation  of  maximum  design  gross  weight 
with  altitude  is  shown  in  Fig.  2-3.  This  is  a 
simplified  conservative  weight  envelope,  which 
covers  all  climb  and  acceleration  modes.  A 
more  detailed  breakdown  of  airplane  gross 
weights  is  presented  in  Airframe  Design  Report  - 
Part  A,  V2-B2707-6-1. 

2.1.2  Design  Center-of-Gravity  Limits 
The  design  center-of-gravity  limits  are  estab¬ 
lished  as  a  function  of  gross  weight  for  various 
wing  sweep  positions.  The  forw-ard  and  aft  limits 
used  for  computing  structural  design  loads  are 
presented  in  percent  of  root  chord  in  Fig.  2-4. 
Locations  and  dimensions  of  root  chord  is  shown 


in  Fig.  2-1.  A  tolerance  of  0.  5  percent  of  root 
chord  beyond  operational  limits  is  used  for  struc¬ 
tural  design. 


2. 1.3  Design  Air  Speeds  and  Placards 
The  structural  design  limit  speeds,  including  the 
effects  of  wing  sweep  position  arg  shown  in  Figs. 
2-2,  2-5,  and  2-G.  The  high-Iif^nd  control- 
surface  placards  are  listed  inT^le  2-A. 


2. 1.3.1  Flap  Sjieeds,  Vp 

Flap  placard  speeds  for  takeoff  and  landing  con¬ 
figurations  are  set  to  give  the  recommended  mar¬ 
gins  on  the  stall  speeds  as  specified  in  FAR,  Par. 
25.333(3).  The  flap  placard  speeds  are  functions 
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SUPERJONIC  UlSSICM  I 


SUBSONIC  MISSION 


O  MAX  DESIGN  TAXI  IT 


MAX  DESIGN  FLIGHT  IT 
FUPSDOIN  .  1 


GROSS  lEIGHT  (1.000  POUNDS) 


GROSS  WEIGHT  II.  000  POUNDS! 


Figure  2-4.  Structural  Dasign  Cant»r~of-Cravity  Limits 
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of  wing  flap  extension  as  shown  in  Fig.  2-7  and 
Table  2- A.  Slat,  aileron,  and  spoiler  placards 
are  also  included  in  Table  2-A. 


2 . 1 . 3 . 2  Landing-Gear  Design  Speeds 

The  design  landing  gear  operating  and  extended 

equivalent  air  speeds  (EAS)  are: 

Retract  speed .  250  kn  or  M  0, 83 

Extend  speed  .  270  kn  or  M  0.90 

Extended  speed 

(doors  closed) .  320  kn  or  M  0. 90 


2. 1.3.3  Maneuvering  Speeds, 

Design  maneuvering  speeds  for  all  applicable 
wing  sweep  positions  are  selected  at  the  inter¬ 
section  of  the  Cn  maximum  curve  with  the  post-  _ 
tive  maneuver  load  factor  line.  In  establishing 
V^,  consideration  is  given  to  the  maximum  lift/' /  . 
confident  based  on  overshooting  the  angle-of-(^  ^ 
attack  established  by  airplane  control  limits.  The 
speed  versus  altitude  for  the  maximum  gross 
weight  is  shown  in  Figs.  2-2  and  2-5. 


2 . 1 . 3 . 4  Speed  for  Maximum  Intensity  Gust,  Vg 
For  subsonic  flight,  the  maximum-intensity  gust 
penetration  speeds  shown  in  Fig.  2-8  comply  with 
the  requirements  of  FAR,  Par.  25.335  and  are  ^ 
consistent  with  airplane  slowdown  capability. — ^  , 
Wing  sweep  position  is  considered  in  establlshliKy 
the  V3  speeds.  In  accordance  with  Ref.  2-1,  the 
Vb  gust  concept  is  replaced  by  Vc  gust  at  super¬ 
sonic  speeds. 


1/ 


2. 1.3.  5  Cruising  Speed,  Vq 
The  design  cruising  speed  conforms  with  FAR, 
Par.  25. 335(a)  and  is  selected  to  equal  V^q 
scribed  m  the  following  paragraph). 


2. 1. 3. 6  The  Maximum  Operating  Speed  Boundary, 

Vmq/MmO  , 

The  maximum  operating  speed  boundary,  Vj^q/ 
Mmo«  is  established  giving  recognition  to  eco¬ 
nomic  performance,  gust  environment,  control 
effectiveness,  and  speed  margins  0  \  flutter  and 
engine  pressure  limits.  is  selected  as 

M  2. 7  for  wings  aft  but  does  not  exceed  a  stag¬ 
nation  temperature  of  500®F  (Par.  2. 1.  8).  (See 
Figs.  2-2,  2-5,  and  2-6).  Justification  for  these  / 
limits  is  presented  in  System  Engineering  Report,  / 
V2-B2707-1,  Par.  2.1. 


2. 1.3.  7  Dive  Speed,  Vp/Mjj 
The  dive  speed  Vp  is  dOTermined  as  1.25  V]^o 
subsonic  speeds  and  at  supersonic  speeds  by  a 
7. 5-deg  nose-down  upset  with  cruise  thrust  for 
20  sec  followed  by  1. 5g  (0. 5g-acceleration  in¬ 
crement)  pullout  maneuver.  Moreover,  in  com¬ 
pliance  with  Ref.  2-1.  Vp/Mp  is  equal  to  a  delta 
Mach  number  speed  margin  of  at  least  0. 05 
at  all  subsonic  soeeds.and  a  delta  Mach 
speed  spread  of  at  least  0.20  at  all  supersonic 
speeds.  Mp  is  selected  as  M  2.9,  but  does  not 
exceed  a  stagnation  ten^rature  of  585°F  (Par. 
2.1.8).  (See  Figs.  2-2  and  2-5.) 

2. 1. 3. 8  Wing-Sweep  Design  Speeds 

The  operational  wing-sweep-versus-speed  sched¬ 
ule  is  selected  on  the  basis  of  performance.  The 
structural  design  of  the  airplane  allows  for  a  . 
tolerance  on  wing  sweep  position  to  allow  for  in-  L 
advertent  over  speeds.  The  structural  limits  on 
wing  sweep  position  are  noted  in  Figs.  2-2,  2-5, 
and  2-6. 

2. 1. 3. 9  Movable-Nose  Placard  Speed 
Actuation  of  the  movable  nose  or  holding  the  nose 
in  the  down  position  is  limited  to  either  M  0. 90 
or  Vp,  whichever  is  smaller. 

2.1.4  Flight  Envelopes 

Flight  conditions  that  influence  the  design  of 
major  structural  components  are  described  in 
Figs.  2-9  through  2-20  in  the  form  of  maneuver¬ 
ing  envelopes  for  flaps-up  and  high-lift  configura¬ 
tions.  Critical  gross  weight,  altitude,  and  wing 
sweep  positions  are  shown.  These  envelopes 
also  represent  the  structural  operating  limits  of 
the  B-2707  airplane. 

2.1.5  Maneuvering  Conditions 

In  general,  the  airplane  is  designed  to  the  pitch¬ 
ing,  rolling,  and  yawing  conditions  described  in 
FAR,  Pars.  25.337,  25.349,  and  25.351.  The 
modifications  to  maneuvering  load  criteria  pro¬ 
posed  in  Ref.  2-1  are  also  applied. 

Symmetric  flaps-up  maneuvers  to  a  limit  positive 
load  factor  of  2.  5  are  considered  between  the  de¬ 
sign  maneuvering  speeds  and  Vp/M^.  The 
limit  negative  load  factor  is  -1.0  up  to 
and  is  reduced  linearly  to  0. 0  at  Vn/Mp. 
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2‘A.  am/  Hl^h  UO  anJ  Control  Surfacot 


Surface 

Maximum 

Deflection 

(dog) 

Initial 

Blowdown 

Ch«1  (poO 

Usage  Placards 

^LE 

(deg) 

'^e 

(kn) 

Mach 

Flap 

Setting 

(deg) 

Aileron 

■ 

L«od*ng  and  takeoff 

>25 

- 

D 

250 

- 

(2  25%) 

Cllmbout 

>25  to  0 

- 

290 

- 

(25%-0%) 

Spoilers 

No.  1 

t45 

235 

All 

Vd 

Md 

- 

No.  2 

t45 

225 

All 

^D 

Mjj 

- 

No.  3 

>45 

280 

Vd 

Md 

- 

No.  4 

>:45 

350 

Vd 

Md 

- 

No.  5 

±45 

485 

Vd 

Md 

- 

No.  6 

±45 

415 

Vd 

Md 

- 

Slats 

Strake  Wing 

Takeoff 

35  20 

- 

30 

225 

- 

20 

Landing 

35  30 

- 

30 

200 

- 

20 

Cllmbout 

25  6 

- 

30 

290 

0.45 

5 

Climb 

25  6 

- 

42 

- 

s  0.6 

0 

Holding 

25  6 

- 

30 

290 

<0.6 

0 

Emergency  Descent 

25  0 

- 

72 

- 

<0.6 

0 

Wing  Flaps 

Fore  Aft 

■ 

Takeoff 

20  40 

- 

mm 

225 

- 

20 

Landing 

30  50 

- 

■i 

195 

- 

30 

Intermediate 

9  18 

- 

30 

250 

- 

9 

Cllmbout 

5  5 

- 

30 

290 

0.45 

5 

Strake  Flaps 

Fore  Mid  Aft 

Takeoff 

26  40  GO 

- 

30 

225 

- 

20 
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Figure  2-9.  V-n  Diagram,  Landing  Flaps 


Figuta  2-12.  V-n  Diagram,  Minimum  Cross  Waight  With 
Forward  Payload 


Figura  2-10.  V-n  Diagram,  Takaoff  Flaps  at  Maximum 
Dasign  Flight  Waight 


Figura  2-13.  V-n  Diagram,  Subsonic  Climb  at  Maximum 
Dasign  Cross  Waight  (29,900  Faat) 


nuivuAT  AiHrao.  V,  inoni 


nuivAUM  tiinreo.  v,  morn 


Figura  2-71.  V-n  Diagram,  Subsonic  Climb  at  Maximum 
Dasign  Cross  Waight  (13,200  Faat) 


Figura  2-14.  V-n  Diagram,  Transonic  Climb  at  Maximum 
Dasign  Cross  Waight 
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For  Iho  Ukoofl  aod  l■adla|  cooflfuntloiui  with 
both  loftdUig-odg*  iliu  ud  ir«Uliig-«dce  flapi 
d«n«ol«d.  Um  muMvers  are  rostriotod  to  a  poa- 
lUvo  load  faotor  o(  2. 0  aad  a  load  (actor  o(  0.0. 

At  tha  oparatkMal  empty  weight,  a  maaeuver  load 
(actor  of  B  •  2. 25  la  ua^:  whereaa,  at  the  mini¬ 
mum  (lying  weight,  a  maneuver  load  (actor  of  o 
2.5  la  uaed. 

From  Va  to  Vuq  the  ultimate  (all-aafe  maneuver 
load  (actor  oi  2.0  la  combined  with  a  (actor  of 
1. 15  to  account  for  the  dynamic  effeota  at  failure 
unleaa  a  lower  faotor  la  aubatantlated  by  a  ration¬ 
al  dynamic  analyala. 

InveetlgaUooa  are  made  to  determine  the  critical 
dealgn  (light  loada  on  all  parte  o(  the  airplane 
atructure.  All  applicable  wing  sweep  poaltlona 
and  control  eurtace  deflections  are  considered. 
The  methods  uaed  to  determine  the  load  distri¬ 
bution  are  described  In  Par.  3.2. 


a.  At  speeds  above  M  1,  positive  and  nega¬ 
tive  gusts  o(  00  fpa  at  Vq  are  used  at  altitudes 
between  sea  level  and  20,000  (t. 

b.  At  altitudes  above  20,000  ft,  the^st 

velocity  Is  reduced  by  the  factor  where 

<r  Is  the  density  ratio  at  any  altitudes  and  is  the 
density  ratio  at  20,000  ft. 

For  supersonic  flight,  a  supersonic  alleviation 
factor  (K-)  Is  used  in  place  of  the  standard  sub¬ 
sonic  all^iatlon  factor. 

Structural  nuirglns  of  safety  available  for  gust 
loads  are  determined  on  the  basis  of  all  compet¬ 
ing  design  conditions  contributing  to  final  design 
of  the  structural  elements.  Where  maneuver  or 
other  loads  provide  margins  beyond  minimum 
gust  standards,  the  contributory  gust  loads, 
determined  by  power  spectral  or  discrete  gust 
dynamic  analyses,  are  identified  as  noncrltical 
for  design  purposes. 


2.1.6  Gust  Design 

The  airplane  la  deaigned  to  withstand  both  con¬ 
tinuous  and  discrete  forms  of  atmospheric  turbu¬ 
lence  to  a  level  of  gust  protection  consistent  uith 
proposed  operations!  limits  and  equivalent  to  or 
better  than  past  civil  transport  practice.  DN-nam- 
Ic  rosponse  of  the  airplane.  Including  structural 
flexibility,  Is  account^  for  In  the  design.  The 
triplicate,  monitored,  fa  11 -operational  SAS  is 
considered  to  bo  fully  effective  in  evaluating  dy¬ 
namic  response  for  dealgn  gust  conditions,  since 
full  damping,  augmentation  is  retained  even  after 
two  channel  failures  in  pitch  and  yaw. 


Power  spectral  density  (PSD)  methods  defined  in 
Refs.  2-2  and  2-3  are  applied  on  the  liasls  of  both 
"mission  analysis"  and  "design  envelope  analy¬ 
sis."  The  frequency  of  exceedance  for  mission 
analysis  is  taken  as  10*^  exceedances  per  hour. 
The  value  ofoy^no  foi*  design  envelope 
'analysis  Is  taken  as  62  fps  at  sea  level  varying  to 
70  fps  at  7,000  ft,  to  62  fps  at  27,000  ft,  and  to  20 
fps  at  80,000  ft.  In  addition,  as  determined  from 
analog -CO  miMter  studies,  time  history  rcs|X)nsc 
to  random  turbulence  is  considered  separately 
and  Is  correlated  with  digital-cominitcr  PSD  re¬ 
sults.  Discrete  gust  loads  arc  evaluated  on  both 
a  (1-cos)  dynamic  rcs|>onsc  basis  and  on  a  s^rp- 
Q{]gfid-guat-iprmula  basis.  The  discrete  gust 
metlKxls  are  based  on  FAR,  Par.  25.341  re¬ 
quirements  c.xcept  that  gusts  arc  not  consid¬ 
ered  at  spce<i8  greater  than  M  1.  Further,  the 
design  gust  velocities  are  modified  as  follows; 


2.1.7  Mission  Profiles 

The  standard  flight  missions  with  GE  and  P&WA 
engines  are  shown  in  Figs.  2-21  and  2-22.  These 
missions  are  consistent  with  airplane  performance 
and  have  been  considered  in  establishing  the  max¬ 
imum  design  gross  weights  (Fig.  2-3)  as  well  as 
the  structural  design  speed  placards  (Figs.  2-2, 
2-5,  and  2-6).  Typical  operational  3, 500-nmi  I 
and  1,700-nmi  mission  profiles  shown  in  Figs.  I 
2-23  and  2-24  arc  used  for  fatigue  evaluation.  ' 
(Refer  to  Airframe  Design  Report  -  Part  B,  V2- 
B2707-6-2,  Sec.  4.0.)  The  3, 500-nmi  mission, 
shown  in  Fig.  2-23,  with  a  more  rapid  climbout 
is  used  for  thermal  analysis. 

2.  l.H  Aerodynamic  Heating  Criteria 
The  criteria  presented  here  are  used  for  struc¬ 
tural  temperature  analyses.  Criteria  applicable 
in  the  areas  of  propulsion,  air  conditioning,  hy¬ 
draulics,  and  fuel  arc  shown  in  Propulsion  Re- 
|X>rt  -  Part  B,  V2-B2707-13;  ^sterns  Report  - 
Part  A,  V2-B2707-10:  and  Systems  Report  -  Part 
n.  V2-B2707-11. 

In  addition  to  the  maxin.um  operating  speed  (V]^q/ 
Mniq)  and  the  maximum  dive  speed  (Vd/Mj)) 
limits  (defined  in  Pars.  2. 1.3.  G  and  2. 1.3. 7),  the 
following  temperature  boundaries  are  established 
for  design  purposes. 

a.  The  maximum  operating  temperature, 
TmOi  Is  the  maximum  stagnation  temperature  as¬ 
sociated  with  the  maximum  operating  speed, 
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Figur*  2-23.  Dttign  Flight  Profll»,  3,500  Nautical  Nllat 


Vj^o/MmO'  The  Tmo  boundary  selected  for  de¬ 
sign  is  SOO*  F,  which  is  the  stagnation  tempera¬ 
ture  at  M  2.7  on  a  U.  S.  Standard  Day. 

b. '  The  maximum  temperature  at  dive  speed 
is  defin^as  T^.  For  design,  Tq  is  select^  as 
585”  F,  wmch  is  the  stagnation  temperature  at  M 
2.  9  on  a  U.^.  Standard  Day. 

Figure  2-25  presents  the  B-2707  design  tempera¬ 
ture  envelope  that  results  from  these  limits  along 
with  the  Mj^q  and  Mq  boundaries. 

The  influence  of  atmospheric  temperature  varia¬ 
tions  on  cruise  Mach  number  has  been  studied. 
For  example,  the  ambient  temperatures  along 
North  Atlantic  routes  throughout  most  of  the  year 
are  generally  higher  than  U.S.  Standard  Atmos¬ 
pheres.  Using  the  proposed  temperature  crite¬ 
ria,  the  probability  curves  for  cruise  speeds  on 
the  New  York  to  Paris  route  are  as  shown  in 
Fig.  2-26. 

For  standard  thermal  analyses  of  structure,  the 
flight  profile  shown  in  Fig.  2-23  is  used  along 
with  the  U.S.  Standard  Atmosphere  (Ref.  2-4) 
shown  in  Fig.  2-27.  Analyses  using  this  profile 
provide  predictions  that  are  conservative  in 
terms  of  thermal  gradients  or  stresses.  Where 
structure  has  large  heat-storage  capacity  (e.g. 
the  wing  pivot)  and  the  time  between  flights  is 


short,  temperatur  es  increase  with  each  additional 
flight.  The  wing  pivot  structure  is  analyzed  for 
this  condition  using  three  flights  with  30  min  of 
downtime  between  flights .  (See  Fig.  2-23.)  In 
addition  to  using  the  U.S.  Standard  Atmosphere 
for  design,  both  Cold  Day  and  Hot  Day  conditions 
from  Military  Standard  MIL-STD-210A  are  con¬ 
sidered.  Ancient  ground  temperatures  shown  in 
Fig.  2-27  are  assumed  to  range  between  -.^O”  and 
-»-120‘’F.  The  Hot  Day  Atmosphere  is  used  tu  de¬ 
termine  maximum  operating  temperatures,  while 
the  Cold  Day  Atmosphere  is  used  primarily  in  the 
error  analyses  evaluation  of  off -normal  conditions. 


aa 
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Figure  2-25.  Design  Ttmptrafuf  Enve/ope 


Figuft  2'26.  Crul$»  Spnd  Probtblllfy 


2,2  GROUND  LOADS  CRITERIA 
Ground  handling  and  landing  Impact  loads  are 
calculated  for  the  rlg^d  airplane  In  accordance 
with  the  general  requirements  of  FAR  25.  Dy¬ 
namic  response  of  the  flexible  airplane  Is 
accounted  for  by  rational  dynamic  analysis. 


Figurm  2-27.  Design  Afmospfcerss 


Par.  3. 1. 7  contains  the  critical  ground  handling 
and  landing  lmpr.ct  loads  calculated  In  accordance 
with  the  criteria  of  Pars.  2.2. 1  and  2.2,2. 

These  ground  loads  are  used  for  landing-gear 
analysis  in  Boeing  Document  V2-B2707-6-2. 

2.2.1  Ground  Handling 

The  main-  and  nose-gear  shock  struts  are 
assumed  to  be  in  the  taxi  static  position  for  all 
ground  handling  loads.  The  landing  gear  and  air¬ 
plane  structure  are  investigated  for  the  maximum 
design  takeoff  weight  with  zero  wing  lift.  The  aft 
main  gear  on  one  side  of  the  airplane  is  mani¬ 
folded  to  the  forward  main  gear  on  the  same  side 
of  the  airplane  by  a  hydraulic  "evener"  system  so 
that  the  vertical  loads  are  equal. 

2. 2. 1.1  Takeoff  Taxi 

The  airplane  is  designed  for  runway  and  taxiway 
roughness  levels  in  excess  of  those  anticipated 
for  intemational-airpoirt  operations.  Dynamic 
response  of  the  airframe  and  landing  gear  struc¬ 
ture  is  accounted  for  in  the  load-estimating 
methods  enqjloyed.  Direct  accounting  for  dy¬ 
namics  is  provided  by  results  of  rational  dynamic 
analysis  using  a  2-in.  rms  runway  roughness  pro¬ 
file.  Indirect  accounting  for  dynamics  is  provid¬ 
ed  by  application  of  the  2. 0  limit  vertical  (Ny  = 

3.0  ultimate)  taxi  factor.  Although  a  reduced 
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taxi  factor  could  be  selected  In  view  of  the  mul¬ 
tiple  main  gear  configuration,  which  Inherently 
averages  runway  roughness,  a  factor  of  2. 0  will 
be  used  to  provide  fail-safe  capability  in  the 
main  gear. 

2. 2. 1.2  Braked  Roll 

The  limit  vertical  load  factor  acting  at  the  air¬ 
plane  center  of  gravity  is  1. 0  (Ny  =  1. 50  ulti¬ 
mate).  A  drag  reaction  equal  to  the  lessor  of 
either  the  vertical  reaction  multiplied  by  a  coeffi¬ 
cient  of  friction  of  0. 80,  or  a  drag  force  consist¬ 
ent  with  available  brake  torque,  is  combined  with 
the  vertical  reaction  and  applied  at  the  ground 
contact  point  of  each  wheel  having  brakes. 

The  airplane  is  investigated  for  the  following 
conditions: 

a.  The  airplane  is  in  a  level  attitude  with 
all  wheels  contacting  the  groimd.  Zero  pitching 
acceleration  is  assumed. 

b.  The  airplane  is  in  a  level  attitude  with 
only  the  main  gear  contacting  the  ground.  The 
pitching  moment  is  reacted  by  angular  accelera¬ 
tion  of  the  airplane. 

2 . 2 . 1 . 3  Ground  Turning 

The  airplane  is  assumed  to  execute  a  steady  turn 
in  such  a  manner  that  the  limit  load  factors  at 
the  airplane  center  of  gravity  are  1 . 0  vertically 
(Ny  =  1.  50  ultimate)  and  Ol  50  laterally  (Ng  0. 75 
ultimate).  The  side  ground  reaction  of  each 
wheel  is  0. 50  of  the  vertical  ground  reaction  for 
that  wheel.  Cornering  forces  developed  on 
main-gear  tires  during  ground  turning  are 
combined  with  the  basic  side  groui’d  reaction 
when  it  is  more  critical  to  do  so. 

2.2.1.‘‘t  I'ivollng 

The  airplane  is  assumed  to  pivot  about  the  center- 
line  of  one  main  gear  with  the  brakes  on  that  gear 
locked.  The  limit  vertical  factor  at  the  airplane 
center  of  gravity  is  1. 0  (Ny  1. 50  ultimate),  and 
the  ground  coefficient  of  friction  is  0.80. 

2. 2. 1.5  Nose  Gear  Yawing,  Static 
A  limit  vertical  load  factor  of  1. 0  (Ny  =  1 . 50 
ultimate)  at  the  airplane  center  of  gravity  is 
combined  with  a  side  comiwnent  at  the  ground 
contact  point  of  the  nose  gear  of  0.80  of  the  ver¬ 
tical  reaction. 


2.2.  l.f)  Nose-Gear  Yawing,  Unsymmetrical 
Braking 

The  nose  gear  and  supporting  structure  are  in¬ 
vestigated  for  the  loads  resulting  from  applica¬ 
tion  of  brakes  on  one  pair  of  main  gear.  The 
limit  vertical  load  factor  at  the  airplane  center  of 
gravity  is  1.0  (Ny  -  1, 50  ultimate).  The  forward¬ 
acting  load  at  the  center  of  gravity  is  assumed  to 
be  0. 80  of  the  vertical  reaction  on  one  main  gear 
unit.  The  side  and  vertical  forces  at  the  nose- 
gear  ground  contact  point  are  those  necessary  for 
static  equilibrium.  The  side  load  factor  is 
assumed  zero. 

2.2.1.  7  Towing 

The  limit  load  for  towing,  F-pow  (forward  and 
aft)  =  0, 150  W>T<  (design  maximum  takeoff  weight), 
or  F-pQ^  (side)  =  0.  053  Wj,  is  applied  at  the 
nose-gear  tow  lugs.  A  to\^ng  load  equal  to  0.75 
Ftqw  noting  in  any  horizontal  direction  is 
applied  to  each  main-gear  tow  lug, 

2. 2. 1.8  Reverse  Braking 

The  airplane  is  assumed  to  be  in  three-point 
static  ground  attitude.  The  limit  vertical  load 
factor  at  the  airplane  center  of  gravity  is  1. 0 
(Ny  =  1.50  ultimate).  A  forward-acting  drag 
load  equal  to  the  lesser  of  either  0. 55  of  the  ver¬ 
tical  reaction  or  a  drag  force  consistent  with 
available  brake  torque,  is  combined  with  the 
vertical  reaction  and  applied  at  the  ground  con¬ 
tact  point  of  eacli  wheel  having  brakes.  The  air¬ 
plane  pitching  moment  is  balanced  by  airplane 
rotational  inertia. 

2 . 2 . 1 . 9  Jacking  Conditions 

Landing-gear  jack  pads,  located  at  either  end  of 
each  main-gear  truck  beam  and  on  the  nose-gear 
centerline, enable  the  airplane  to  be  jacked  at  all 
weights  up  to  the  maximum  taxi  weight.  The 
limit  vertical  load  factor  of  1.33  (Ny  =  2.0  ulti¬ 
mate)  is  combined  with  a  side,  forward,  or  aft 
factor  of  0.40  (0.00  ultimate). 

Tail  and  body  jack  pads  enable  the  airplane  to  be 
jacked  at  all  weights  up  to  the  jacking  weight. 

The  maximum  jacking  weight  is  400,000  lb  for 
the  prototype  and  410, 000  lb  for  the  production 
airplane.  The  vertical  limit  load  factor  of  1.07 
(Ny  =  2.50  ultimate)  is  combined  \vith  a  side, 
forward,  or  aft  factor  equal  to  25  percent  of  the 
vertical  load  factor . 
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2.2.2  Landing  Impact  Loads 
The  airframe  and  landing  gear  structure  are  de¬ 
signed  to  withstand  the  following  landing  condi¬ 
tions; 

a.  Two-point  level  landing 

b.  Tall-down  landing 

c .  One-gear  landing 

H .  Drift  landing 

e.  Special  conditions 

Loads  for  those  conditions  are  determined  from 
rational  dynamic  analysis.  Airplane  dynamic 
response  Is  Included  due  to  both  main-gear  and 
nose-gear  impact.  All  landing-gear  loads  are 
conservatively  assumed  to  be  applied  with  the 
main  or  nose-gear  shock  struts  (or  both)  20- 
percent  compressed  from  full  extension.  A  wing 
lift  ^ual  to  the  weight  of  the  airplane  is  assumed 
to  be  acting  at  the  airplane  center  of  gravity 
throughout  the  landing  in:^)act  phase.  The  entire 
center-of -gravity  range  is  investigiated  for  the 
normal  design  landing  weight  at  lO-fps  descent 
velocity  and  for  the  design  takeoff  weight  at  O-fps 
descent  velocity  in  determining  the  critical  design 
loads  for  each  landing-gear  element.  The  verti¬ 
cal  reactions  of  the  spin-up  and  spring-back  con¬ 
ditions  are  calculated  in  a  rational  manner  based 
on  the  energy  absorption  characteristics  of  the 
shock  strut.  The  drag  loads  are  determined  by 
multiplying  the  vertical  impact  reaction  by  a  fac¬ 
tor  of  0. 70  for  spin-up  and  a  factor  of  0.  50  for 
spring-back.  These  spin-up  and  spring-back 
factors  were  used  for  structural  design  on  the  707 
airplanes  and  have  been  substantiated  by  test. 
These  factors  Include  consideration  for  dynamic 
magnification  due  to  adverse  phasing  of  the  spin- 
up  (or  spring-back)  loads  from  the  forward  and 
aft  set  of  wheels  on  each  of  the  main  gears.  The 
same  factors  are  conservatively  applied  to  the 
nose  gear  calculations.  The  maximum  spin-up 
or  spring-back  load  is  conservatively  combing 
with  the  maximum  vertical  impact  reaction.  The 
spin-up  and  spring-back  drag  loads  are  applied  at 
the  axle  centerline.  The  side  loads  are  applied 
at  the  ground  contact  point. 

2 . 2 . 2 . 1  Two-  Point  Level  Landing 
The  airplane  is  assumed  to  contact  the  runway  in 
a  level  attitude  with  the  nose  gear  clear  of  the 
runway  and  carrying  no  load.  All  landing  impact 


ia  aaaumod  reacted  by  the  aft  mala-fear  unlU, 
which  have  longer  almk-etnit  etrokee  and  ealend 
further  downward  than  the  forward  mala-goar 
unite.  Unbalanced  pltohlag  momeate  are  bal¬ 
anced  by  airplane  Inertia.  The  mala-gear  hy¬ 
draulic  Interconnect  la  conaervatlvely  aaeumed 
Ineffective. 

2. 2. 2. 2  Tall-Down  Ijutdlng 
The  airplane  la  aaeumed  to  oontact  the  runway  la 
a  tall -down  attitude.  All  landing  Impact  Is 
anoumed  reacted  by  the  aft  main-gear  units. 
Ground  reactlonn  are  reaolved  Into  componente 
parallel  and  perpendicular  to  the  ahock  strut. 
Unbalanced  pitching  nwmenta  are  balanced  by 
airplane  Inertia.  The  main-gear  hydraulic  Inter¬ 
connect  Is  conaervatlvely  aaaunted  Ineffective. 

2  2.2.3  One-Goar  Landing 
The  airplane  la  assumed  to  contact  the  runway  la 
a  level  attitude  on  one  rear  main-gear  ualt  with 
the  same  ground  loads  and  aaoumpUooa  as  for  the 
two-point  level  condition.  Unbalaiiioed  momeate 
are  reacted  by  airplane  Inertia. 

2. 2. 2. 4  Drift  Landing 

The  airplane  la  aaaumed  u>  be  in  a  level  attitude 
with  only  the  main  gear  contacting  the  ground. 

The  vortical  Impact  reactions  are  taken  as  0. 50 
of  the  reactions  obtained  for  the  two-polat  level 
landing  case.  Side  loads  equal  to  0. 80  of  the  ver¬ 
tical  reaction  (on  one  side)  acting  outward  are 
assumed  acting  at  the  ground  contact  points.  The 
side  loads  are  assumed  to  occur  Imm^lately 
after  wheel  spin-up  and  to  persist  through  the 
gear  spring -back  cycle.  The  spring-back  loads 
are  calculated  In  the  normal  manner  and  com¬ 
bined  with  the  side  and  vertical  reactions  with  the 
spin-up  drag  load  assumed  as  zero.  The  external 
loads  are  balanced  by  airplane  inertia. 

2. 2. 2.  5  Maximum  Strut  rteactlon 
The  rate-of -descent  energy  Is  apportioned  to  the 
gear  units  in  accordance  with  the  static  reactions 
resulting  from  application  of  1 . 0  load  factor  ver¬ 
tical  and  0. 25  forward  load  factor  acting  through 
the  airplane  center  of  gravity.  An  aft-acting  drag 
load  equal  to  0.25  of  the  maximum  vertical  reac¬ 
tion  is  combined  with  the  maximum  vertical  re¬ 
action. 

2. 2. 2. 6  Boeing  Condlt.'nn 

Effects  of  nose-gear  tcuuhdown  on  airframe  loads 
are  Investigated  for  both  wings- forward  and  wlnga- 
aft  landing  conditions.  The  nose  gear  and  support¬ 
ing  structure  Is  investigated  for  the  effect  of 
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rotating  the  airplane  in  pitch  with  the  elevator 
from  an  initial  tall-down  attitude.  The  main  gear 
unit!  are  assumed  to  be  in  the  taxi  static  position 
(the  vertical  translational  energy  having  been  ab¬ 
sorbed  and  the  vertical  translational  velocity  at 
zero).  The  nose  gear  absorbs  the  rotational  en- 
erg>’.  Full  spin-up  and  spring-back  drag  loads 
are  combined  with  the  vertical  reaction. 

2. 2. 2. 7  Landing  Rebound 

The  landing-gear  shock  strut  is  assumed  to  be  in 
the  fully  extended  position  and  not  in  contact  with 
the  groimd.  Two  conditions  are  considered; 

a.  A  limit  load  factor  of  20  is  assumed  act¬ 
ing  on  the  landing  gear  upsprung  weight;  its  line 
of  action  is  along  the  s.hock-strut  centerline 
tending  to  extend  the  shock  strut. 

b.  A  limit  load  factor  of  2  is  assumed  acting 
on  the  shock-strut  internal  pressure. 

2.2.3  Unsymmeti  leal  Load  Distribution 
Limit  ground  loads  are  distributed  among  the 
wheels  of  a  gear  unit  in  accordance  with  the  re¬ 
quirements  of  FAR  25.  In  determining  the  total 
load  on  a  gear  unit,  the  shift  in  load  centroid  (due 
to  unsymnTietrical  load  distribution  on  the  wheels) 
is  neglected. 

Due  to  the  truck-type  main  gear  with  its  center 
pivot  (allowing  pitch  rotation  of  the  truck),  the 
total  vertical  load  on  the  forward  two  wheels  must 
equal  the  total  vertical  load  on  the  aft  two  wheels. 
The  brake  equalizer  linkage  assures  equal  brak¬ 
ing  between  for\N’ard  and  aft  wheels. 

Limit  ground  loads  are  distributed  between  later¬ 
ally  adjacent  wheels  of  a  gear  unit  as  described 
in  the  following  paragraphs. 

2.2.3. 1  All  Tires  Inflated 

Sixty  percent  of  the  total  ground  loads  acting  on  a 
gear  unit  is  applied  to  cither  side  of  the  gear  unit 
with  40  percent  applied  to  the  other  side.  This 
distribution  is  conservative  (for  the  critical  de¬ 
sign  conditions)  with  respect  to  the  distribution 
obtained  by  consideration  of  the  factors  outlined 
in  FAR  25  (runway  crown,  tire  wear  and  growth, 
structural  deflections,  tu . )  and  will  be  substan- 
tinted  in  the  final  stress  analysis.  The  00- 
p>ercent  load  need  not  be  applied  to  the  inboard 
wheel  with  an  inward-acting  side  load,  nor  to  the 
outboard  wheel  with  an  outward-acting  side  load, 
since  the  structural  deflections  resulting  from 
the  side  loads  increase  the  vertical  load  on  the 


noncritical  wheel.  Hence,  a  symmetrical  distri¬ 
bution  Is  most  critical  for  this  load  condition. 

For  braking  conditions  the  maximum  drag  load 
applied  to  any  wheel  need  not  exceed  a  drag  force 
consistent  with  available  brake  torque. 

2 . 2 . 3 . 2  Deflated  Tires 

For  the  case  of  one  tire  flat  on  the  nose  gear  or 
any  one  or  two  tires  flat  on  the  main  gear,  the 
loads  specified  in  the  following  paragraphs  are 
applied  to  the  Inflated  tires. 

In  case  of  one  or  two  deflated  tires,  the  applied 
load  to  each  gear  unit  is  assumed  to  be  60  percent 
or  50  percent,  respectively,  of  the  limit  load  ap¬ 
plied  to  each  gear  for  each  of  the  prescribed  land¬ 
ing  conditions.  However,  for  the  drift  landing 
condition,  100  percent  of  the  vertical  load  must 
be  applied. 

A  limit  vertical  load  factor  of  1 . 0  is  assumed  act¬ 
ing  at  the  airplane  center  of  gravity  for  all  flat- 
tire  ground  hnndling  conditions;  however,  a  factor 
of  1 . 33  is  used  for  one  flat  tire  in  the  taxi  condi¬ 
tion.  For  one  flat  tire,  the  side  or  drag  load 
factor  at  the  airplane  center  of  gravity  is  assumed 
to  be  50  percent  of  the  condition  with  no  flat  tires. 
Forty  percent  of  nonflat  tire  drag  or  side  load 
factor  is  used  for  the  case  of  two  flat  tires  on  a 
main  gear  unit.  For  braked  roll  conditions  (with 
one  or  two  flat  tires)  the  drag  load  acting  on  each 
inflated  tire  is  assumed  equal  to  the  drag  load  act¬ 
ing  on  each  tire  In  the  nonflat  condition.  Flat 
tires  are  not  considered  for  the  pivot  condition. 

2.2.4  Emergency  Landing  Conditions 
The  airplane  structure  is  designed  to  the  general 
emergency  landing  requirements  of  FAR,  Par. 
25.561,  as  amended  by  Ref.  2-1.  The  airplane 
structure  will  sustain,  without  damage,  the  im¬ 
pact  loads  resulting  from  a  3-fps  descent  velocity 
under  the  following  conditions; 

a.  Any  one  main-gear  unit  assumed  inopera¬ 
tive 

b.  Any  two  main-gear  units  assumed  inoper¬ 
ative,  one  on  either  side  of  the  airplane 

The  structural  design  is  sufficient  to  withstand 
the  loads  resulting  from  a  nose-gear-up  landing 
so  that  the  fuselage  fuel  cells  and  passenger  com¬ 
partments  are  not  ruptured.  The  forebody  struc¬ 
ture  is  designed  as  a  skid  surface.  For  inordi¬ 
nately  severe  landing  impact  loads,  the  main  gear 
units  are  designed  to  separate  cleanly  from  the 
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basic  support  structure  with  no  damage  to  either 
the  basic  stmcture  or  the  fuel  cells.  (Also  refer 
to  Par.  2.4. 15.4) 

Ditching  considerations  are  In  accordance  with 
the  requirements  of  FAR,  Par.  25. 563.  Fuselage 
pressure  loads  are  based  on  Military  Specifica¬ 
tion  MIL-A-8865. 

2.3  FLUTTER  AND  VIBRATION  CRITERIA 
2.3.1  Flutter 

Flutter  prevention  Is  provided  to  a  minimum 
speed  margin  of  20  percent  above  Vn  for  constant 
Mach  number  and  constant  altitude  for  all  lifting 
sxirfaces,  control  surfaces,  and  panels.  Aero- 
elastic  feedback  through  the  SAS  is  precluded  by 
electronic  filtering.  Transonic  buzz  Is  prevented 
by  control  system  stiffness.  Fall-safety  Is  pro¬ 
vided  by  systems  redundancies.  Free-play  Is 
maintained  within  acceptable  standards. 

Control  surface  and  spoiler  flutter  is  prevented 
by  providing  rotational  frequencies  sufficiently 
high,  compared  with  those  of  the  primary  surface, 
so  that  no  detrimental  coupling  exists.  A  prelim¬ 
inary  minimum  criterion  for  frequency  separa¬ 
tion  is  as  specified  In  Military  Specification 
MIL-A-8870.  If  a  control  surface  extends  out¬ 
board  of  the  75-percent  span  station  of  the  main 
surface,  the  rotational  frequency  of  the  control 
surface  will  be  at  least  1.5  times  the  uncoupled 
torsional  natural  frequency  of  the  main  surface. 
This  criterion  is  applied  subject  to  later  confirm¬ 
ing  analysis. 


for  C-values  of  from  0  to  5. 0,  no  buzz  existed. 
When  C  was  greater  than  5. 0  but  no  larger  than 
8.0,  buzz  existed  for  some  configurations,  and 
when  C  was  larger  than  8.0,  buzz  occurred,  ex¬ 
cept  in  rare  cases.  Based  on  C  =  5. 0,  a  minimum 
frequency  is  then  established; 

u)0  radians/sec 

Design  tolerances  for  free  play  of  control  surfaces 
are  given  by  the  following,  as  stated  In  Military 
SpecificatiOki  MIL-A-8870: 

a.  If  a  tr ailing-edge  control  surface  extends 
outboard  of  the  75-percent  span  station  of  the 
main  surface,  the  total  free-play  does  not  exceed 
0.22  percent  of  the  distance  perpendicular  to  the 
hinge  line  from  the  hinge  line  to  the  trailing  edge 
of  the  control  surface. 

b.  If  a  trailing-edge  control  surface  extends 
outboard  of  the  50-percent  span  station  but  in¬ 
board  of  the  75-percent  span  station  of  the  main 
surface,  the  total  free-play  does  not  exceed  one- 
percent  of  the  distance  perpendicular  to  the  hinge 
line  from  the  hinge  line  to  the  trailing  edge  of  the 
control  surface. 

c.  If  a  trailing-edge  control  surface  is  in¬ 
board  of  the  50-percent  span  station  of  the  main 
surface,  the  total  free-play  does  not  exceed  2 
percent  of  the  distance  perpendicular  to  the  hinge 
line  from  the  hinge  line  to  the  trailing  edge  of  the 
control  surface. 


High  frequencies  result  from  the  minimum  stiff¬ 
ness  required  for  the  prevention  of  transonic 
control-surface  buzz.  The  criterion  used  for 
buzz  prevention  (in  terms  of  minimum  frequency, 
and,  thereby,  the  minimum  stiffness)  is 


d.  The  total  free-play  of  all  movable  control 
surfaces  does  not  exce^  0. 06  percent  of  the  dis¬ 
tance  perpendicular  to  the  axis  of  rotation  from 
the  axis  of  rotation  to  the  trailing  edge  of  the  con¬ 
trol  surface. 


^  1.05a 

bUp 


where: 


The  requirement  for  the  wing  pivot  is  the  same 
as  for  all  movable  control  surfaces;  however,  the 
0.06-percent  requirement  is  restated  as  an 
0.0344-deg  (0.0006  radian)  angular  requirement. 


a  =  speed  of  sound  (fps) 

b  =  control-surface  semi-chord  (ft) 

Up  =  control-surface  rotational  frequency 
(rad/sec) 

Based  on  a  survey  made  of  several  different  types 
of  high-performance  airplanes,  it  was  found  that 


2.3.2  Vibration 

Interior  vibration  levels  are  well  below  minimum 
acceptable  levels  for  passengers,  crew,  and 
equipment.  Aft  mounting  of  the  engines  on  the 
horizontal  tail  provides  effective  attenuation  of 
the  vibration  due  to  acoustic  noise  pressures.  In 
addition,  the  engine  manufacturer  has  agreed  to 
meet  a  vibration  limit  of  5. 0  mils  double  ampli¬ 
tude  at  selected  points.  Structural  vibrations  due 
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to  engine  rotary  frequencies  that  mi^t  be  trans¬ 
mitted  into  the  airframe  through  the  engine  mount 
structure  are  attenuated  by  the  low-frequency 
engine  mount  design.  In  addition,  engine  vibra¬ 
tion  isolators  will  be  used  at  the  inboard  engine 
location  (as  in  the  727  subsonic  jets)  due  to  the 
shoi'i  structural  path  to  the  fuselage. 

2.4  STRUCTURAL  DESIGN  CRITERIA 
The  airplane  structure  will  be  designed  to  the 
requirements  of  FAR  25  and  criteria  presented 
herein. 


2.4.3  Allowables 

Basic  material  properties  will  be  taken  from  the 
Boeing  Design  Manual  (Ref.  2-5)  and  Military 
Handbook  MIL- HDBK- 5.  The  effects  of  reduced 
allowables  resulting  from  heat  exposure  will  be 
taken  into  account.  The  design  allowables  will  be 
as  follows: 

a.  The  following  basic  relationship  will  ap¬ 
ply  in  the  design  of  tension  structure: 


2.4.1  Fail-Safe  and  Safe- Life  Design 
The  structure  will  be  designed  so  that  failure  of 
individual  elements  (fatigue  or  damage  from  for¬ 
eign  objects)  will  not  cause  catastrophic  failure 
or  loss  of  the  airplane.  In  general,  fail- safety 
will  be  accomplished  through  redundancy  in  struc¬ 
tural  design  so  that  failure  of  any  single  element 
will  not  reduce  the  airframe  strength  below  80- 
percent  design  limit  load.  Safe-life  structure 
may  be  used  where  fail-safe  design  is  inqiracti- 
cal. 


f.  +  2.0  f  +1.25  f..  s  F. 
t  p  th  -  tu 


2.5  f  s  F. 
p  -  tu 


3 . 0  f  s  F .  in  areas  of 
p  tu 

stress  concen¬ 
tration 


where: 


2.4.2  Fatigue  Criteria 


f^  =  tension  stress 


2.4.2. 1  Design  Life 

The  design  structural  fatigue  service  life  of  the 
airplane  will  be  50, 000  flight  hours  of  typical 
usage. 

2. 4. 2. 2  Scatter  Factor 

The  structure  will  be  designed  and  analyzed  for 
the  design  service  life  multiplied  by  a  scatter 
factor.  The  scatter  factor  ',dll  be  4  except  for 
the  following  situation.  Parts  that  can  be  readily 
inspected  and  replaced,  (and  where  sufficient  re¬ 
dundance  exists  so  that  safety  is  not  compro¬ 
mised)  i.ny  be  designed  to  a  scatter  factor  of  2. 

2.4. 2. 3  Airplane  Usage 

The  airplane  usage  for  fatigue  design  and  analysis 
will  include  operational,  training,  and  check 
flights  as  predicted  for  airline  operations.  De¬ 
tails  are  shown  in  Airframe  Design  Report  - 
Part  B,  V2-B2707-6-2. 


f..  =  tension  stress  due  to  temperature 
(thermal) 

f  =  tension  stress  due  to  cabin  pres- 
sure  differential 

F^y  =  ultimate  tension  allowable 


The  stress  due  to  limit  flight  loads  plus  fuselage 
operating  pressure  plus  thermal  stress  will  not 
exceed  the  yield  of  the  material. 

b.  The  ultimate  allowable  compression 
stress  will  be  based  on  either  the  column  allow¬ 
able  or  the  section  crippling  stress.  The  com¬ 
bined  axial  compression  stress  (f^)  plus  thermal 
compressive  stress  (fth)  will  not  exceed  the 
crippling  allowable  of  any  segment.  The  equatijn 
relationship  is 


2 . 4 . 2 . 4  Load  Spectra 

Fatigue  loading  spectra  will  be  based  on  the  air¬ 
plane  usage  of  Par.  2. 4.2,3.  Thermal  stress 
excursions  will  be  included  in  the  flight  stresses. 

2.4.2.  5  Cumulative  Fatigue-Damage  Method 
The  li  .  cumulative  fatigue-damage  theory  will 
be  use  ,  an  analj-tic^.!  tool. 


c.  A  fitting  factor  will  be  used  for  joints 
between  major  structural  components.  In  gen¬ 
eral,  all  jo^ts  and  reinforcements  will  be  de¬ 
signed  by  a  fitting  factor  in  accordance  with 
FAR  25. 
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2.4.4  Buckling  Criteria 
To  minimize  aerodynamic  drag,  skin  surfaces 
are  designed  to  remain  unbuckled  tor  normal 
cruise  flight  conditions.  In  addition,  integral 
fuel  tank  walls  are  designed  so  as  to  prevent 
buckling  at  limit  load  that  could  cause  leakage. 


2.4.5  Sonic  Criteria 

Sonic  fatigue  resistance  will  be  provided  through¬ 
out  the  airframe  design  for  the  sonic  noise  en¬ 
vironment  shown  in  Figs.  2-28  throu^  2-31.  The 
detail  design  criteria  shown  in  Fig.  2-32  will  be 
used  to  establish  minimum  structural  require¬ 
ments.  Sonic  tests  and  detail  design  data  are 
presented  in  Airirame  Design  Report  -  Part  E, 
V2-B2707-9,  Par.  3.7. 


2.4.6  Wing-Tail  Connection  Criteria 
The  wing  and  horizontal  tail  interconnect  struc¬ 
ture  will  be  designed  to  withstand  holding  loads 
incurred  within  the  load-factor  speed  envelope  of 
the  airplane.  During  the  engaging  operation,  rel¬ 
ative  ^dng  horizontaUtail  deflections  will  be  con¬ 
sidered  for  all  airplane  design  gross  weights, 
fuel  loadings,  centers  of  gravity,  and  control- 
surface  deflections.  The  interconnect  probes  will 
be  designed  to  allow  for  positive  latching  during 
wing  sweep  cycle  actuation  with  perturbations  of 
An  =  ±  0. 5  from  the  nominal  n  =  1. 0  position. 

The  design  will  provide  satisfactory  engagement 
during  the  occurrence  of  gusts  up  to  25  fps  in  any 
direction. 


B-2707  OVERALI  SOUND  PRESSURE  LEVEL  CONTOUR  (DECIBELS) 


Figur*  2-28.  Tak»of(  Sound  Lovol$,  CE  Engints 
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B-2707  OVERAa  SOUND  PRESSURE  LEVa  CONTOURS  (DECIBaS) 
PBWA  ENGINES 


Figure  2-29.  Takwoff  Sound  L»u»l,  PdWA  Engines 


2.4.7  Hall  Damage 

The  structure  will  be  designed  to  provide  maxi¬ 
mum  resistance  to  hail  impingement.  Particular 
attention  will  be  given  to  the  design  of  the  empen¬ 
nage,  wing  leadbig  edge,  engine  inlet,  and  body 
nose  structiure  to  prevent  loss  of  aerodynamic 
characteristics  from  hail  damage  during  flight. 
Resistance  to  damage  from  hail  will  be  at  least 
equivalent  to  contemporary  commercial  airplanes. 

2.4.8  Fuel  Tanks 

The  fuel  tank  structure  will  be  designed  to  with¬ 
stand  the  effects  of  pressure  fueling,  fuel  dead 
weight,  pressure  head,  and  thfr  effects  of  _a  max- 
^  imum  airplane  roll  rate  of  1  radian  per  second 
with  fuel  tanks  full.  The  forward  end  of  the  fuse- 
'  lage  tail  compartment  will  be  designed  to 


withstand  crash  loading  without  rupturing  with  a 
full  fuel  tank.  With  the  wings  swept  forward,  the 
pressure  for  side  acceleration  will  be  based  on  a 
head  equal  to  the  distance  between  tank  baffles. 
Typical  ribs  will  be  designed  to  withstand  a  slosh 
load  equal  to  2  factors  ultimate  with  the  head 
equal  to  the  rib  spacing.  Fuel  tanks  will  be  de¬ 
signed  to  withstand  loads  imposed  by  maximum 
fuel-vent  pressure  combined  with  flight  loads. 

Fuel  weight  will  be  assumed  to  be  6.7  Ib/gal  for 
these  conditions. 

For  the  crash  landing  condition,  fuel  cells  outside 
of  the  fuselage  will  be  designed  to  withstand  an 
ultimate  forward  acceleration  of  3. 0  factors  with 
a  head  equal  to  the  nmximum  streamwise  distance 
in  the  cell. 
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B-2707  OVERAU  SOUND  PRESSURE  LEVEL  CONTOURS  (OECiULSi 
THRUST  REVERSER  OPERATION 
GE  ENGINE 

100%  MAX  DRY  POWER,  MACH  -  0 
UPPER  SURFACE  LEVa 

LOWER  SURFACE  LEVa 


QOOO 


MS 


Figur*  2~30.  R*y»r§9-Thfu§t  SoviW  L«v«F(,  01  Inglimi 


For  crash  landing  conditions,  fuel  cells  Inside 
the  body  cavity  will  be  designed  to  withstand  the 
following  ultimate  factors  acting  singularly: 


Below  the 
passenger  floor 

9 .  Og  forward 
4. 5g  downward 
2.  Og  upward 
2 . 5g  sideward 


Above  the 
passenger  floor 

12.  Og  forward 
4.  5g  downward 
2 .  Og  upward 
2 .  5g  sideward 


2.4.9  Passenger  Windows 

Passenger  windows  will  be  designed  with  three 

elements;  two  of  the  elements  will  be  load 


carrying  panes  designed  for  fill-safety,  and  the 
third  element  will  be  an  inner  protective  pane. 

a.  The  primary  pressure  pane  (middle)  will 
be  capable  of  carrying  a  minimum  of  3  factors  on 
maximum  operating  pressure  at  a  teir:>erature  of 
250'F.  It  will  also  capable  of  withstanding  the 
maxliYium  relief-valve  pressure  setting  for  s 
period  of  3  hr  at  a  temperature  of  450*F. 

b.  The  secondary  fail-safe  pane  (outer)  will 
be  capable  of  withstanding,  at  450*F,  the  dynamic 
pressures  resulting  from  an  instantaneous  failure 
of  the  primary  (middle)  pane  at  the  maximum 
relief -valve  setting. 
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l7ra;0VIIAU  SOUND  PtlSSuRI  UVU  CONtOURS  lOICliaSi 
TMRUSI  RfVIRSiR  OffRATlON 


2.4.10  Crew  ComiKirlmcnt  Windows 
Crew  comiMirtmcnt  windows  must  withstand  three 
times  the  ma.xlmum  pressure  differential  when 
subjected  to  the  most  adverse  temiwraturc  con¬ 
dition.  Dual  fail-safe  load  paths  will  be  provided 
through  the  use  of  three  load-carrying  |)ancs. 
Each  |)ane  will  withstand  a  ma.ximum  pressure 
differential  of  1..'),  accounting  for  the  resulting 
tem|)erature  effects  after  the  failure  of  adjacent 
|)ancs . 

The  crew  compartment  windshield  will  withstand 
bird  strikes  in  accordance  with  I'Alt,  I’ar. 
2r,.77r>. 


2.4.11  Floor  Structure 

The  floor  In  the  i)assenger  cabin  will  be  designed 
for  100  psf  locally.  The  total  load  in  pounds  in 
any  area  and  load  per  running  inch  will  be  based 
on  ma.xi mum-density  seating. 

The  floors  in  the  galley,  main  entry,  and  main 
aisle  areas  will  be  capable  of  withstanding  a  con¬ 
centrated  load  of  300  lb  applied  with  a  3/4-ln.  - 
diameter  steel  ball  at  any  ix)int  on  the  top  surface 
without  failure  or  permanent  indentation  greater 
than  0.030  in.  The  remainder  of  the  floors  \vill 
be  capable  of  withstanding  a  concentrated  load  of 
200  lb  applied  in  a  similar  manner  without  failure 
or  permanent  Indentation  greater  than  0.050  in. 
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Figtif  2‘32,  Sonic  Rosiifanco  Dosign  Critoria 


The  floor  In  the  cargo  compartment  will  be  de¬ 
signed  for  150  psf  locally  and  50  lb  per  running 
inch  maximum.  All  cargo  compartment  floors 
will  be  capable  of  withstanding  a  concentrated 
load  of  400  lb  and  applied  with  a  3/4-in. -diameter 
steel  ball  at  any  potot  on  the  top  surface  without 
failure  or  permanent  Indentation  greater  than 
0.050  in. 

2.4.12  Seat  Loads 

Loads  will  be  based  on  man-weight  of  170  lb  plus 
seat  weight.  All  seats  in  the  crew  compartment 
will  be  designed  for  the  following  ultimate  crash 
load  factors  acting  singularly; 

a.  Forward;  16  (acting  within  a  20-deg 

angle  to  either  side  of  forward) 

b.  Vertical;  13  down  and  7.5  up 

Nonflight-deck  crew  seats  and  other  passenger 
seats  will  be  designed  to  withstand  maximum  de¬ 
sign  load  factors,  or  for  "ihe  following  xdtlmate 
crash  load  factors  acting  singularly,  whichever  is 
greater; 

a.  ForVi'ard;  9.0 

b.  Downward;  7. 5 


c .  Upward;  4 . 5 

d.  Sideward;  3.0 

These  load  values  will  be  multiplied  by  1.33  for 
seat  design  and  safety-belt  local  attachment. 

2.4.13  Attachment  of  Equipment 

All  items  of  equipment  that  would  injure  passen¬ 
gers  or  crew  in  case  of  installation  failure  will  be 
designed  for  the  following  singular  ultimate  load 
factors; 

Crew  compartment  Ultimate  load  factor 

Forward . 20.0 

Vertical . 8.5  down,  5. 5  up 

Sideward . 4.0 

Passenger  Compartment 

Forward . 16.0 

Vertical . 7.5  down,  4.5  up 

Sideward . 3.0 

2.4.14  Pressure 

The  maximum  operating  cabin  pressure  differ¬ 
ential  will  be  11. 12  psi.  This  is  equivalent  to 
6, 000-ft  cabin  altitude  at  70, 000  ft.  In  the  event 
of  failure  of  the  pressure  regulator,  the  pressure 
relief  valve  will  limit  the  differential  pressure 
12.34  psi  maximum. 

2.4. 14. 1  Design  Factors  for  Pressure  Only 
The  following  pressure  ultlmates  are  not  com¬ 
bined  with  flight  loads; 

a.  An  ultimate  factor  of  3. 0  on  maximum 
operating  pressure  will  be  used. 

(1)  Tension  material  adjacent  to  cutouts  or 
areas  of  high-stress  concentration 

(2)  Bolts  in  tension 

(3)  Door  latches 

b.  An  ultimate  factor  of  2. 5  on  maximum 
operating  pressure  will  be  used. 

(1)  Basic  monocoque  tension  material 
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(2)  Monocoque  frames  tension  material,  ex¬ 
cepting  adjacent  to  cutouts  or  stress  concen¬ 
trations 

(3)  Pressure  floor  beams  tension  material 

(4)  Pressure  bulkheads  tension  material 

(5)  Shear  material  adjacent  to  cutouts 
(G)  Plug  doors 

(7)  Shear  connections 

c.  An  ultimate  factor  of  2. 0  on  maximum 
relief  valve  pressure  will  be  used. 

Members  critical  in  compression  or  shear,  ex¬ 
cept  shear  members  adjacent  to  cutouts. 

2.4.14.2  Pressure  Combined  With  Flight  Loads 
An  ultimate  factor  of  2. 0  times  the  maximum 
operating  pressure  differential  will  be  used  in 
combination  with  the  critical  flight  conditions. 

An  ultimate  factor  of  1.  5  on  maximum  relief 
valve  pressure  differential  may  be  permitted  in 
cases  that  are  not  fatigue  critical . 

2.4.14.3  Pressure  Combined  With  Landing  Loads 
A  pressure  differential  of  2.0  psi  ultimate  com¬ 
bined  with  landing  loads  will  be  used. 

2.4.14.4  Negative  Pressure 

A  negative  pressure  of  1 . 5  psi  ultimate  acting 
singularly  will  be  used. 

2.4.14,r>  Fuselage  Decompression  Criteria 
The  structure  between  compartments  must  with¬ 
stand  the  effect  of  a  sudden  pressure  release  re¬ 
sulting  from  an  opening  in  the  fuselage  shell. 

The  magnitude  of  the  pressure  differential  be- 
tw'een  fuselage  compartments  depends  on  the  size 
of  the  opening  and  the  intercompartment  venting. 
FAR,  Pars.  25. 3G.')(e)  and  25. 3G5(f),  state  that 
the  opening  may  result  from  failure  of  doors  or 
windows  or  penetration  of  the  fuselage  and  that 
the  fail-sale  features  of  the  design  may  be  con¬ 
sidered  when  selecting  the  opening. 

For  some  subsonic  airplanes,  the  oixining  has 
been  based  on  the  loss  of  a  skin  panel  bounded  by 
stringers  and  crack  stopixjrs.  The  tests  on  the 
titanium  fuselage  structure  indicate  that  only 
local  failures  occur.  (Refer  to  V2-B2707-9, 

Par.  3.3.4.)  The  maximum  opening  in  a  scries 
of  fail-sale  tests  is  about  1  in.  wide  by  13  in. 


long.  In  spite  of  passenger-window  fail-safe 
features,  it  appears  reasonable  to  use  the  6.5- 
in.  diameter,  33-sq-ln.  opening  for  design  pur¬ 
poses.  Portions  of  the  analysis  have  conserva¬ 
tively  used  a  42-sq-in.  opening,  which  was 
established  before  the  fall-safe  pressure  testing 
was  completed. 

2.4. 15  Propulsion  Pod  Criteria 

2.4.15.1  Engine  Attachment 

The  engine  attachment  structure  will  be  designed 
to  criteria  that  is  based  on  previous  subsonic 
commercial-transport  programs  and  supplemented 
by  additional  aerothermodynamlc  conditions  en¬ 
countered  in  the  operating  environment  of  super¬ 
sonic  flight.  The  design  conditions  are  defined  in 
Sec.  3.0  and  include  maneuver  and  landing  load 
factors,  gyroscopic  loadings,  aerodynamic  load¬ 
ings,  normal  and  reverse  thrust  loadings,  and 
sudden  engine  stoppage.  Thermal  effects  on  the 
attachment  structure  have  been  considered. 

2.4.15.2  Engine  Inlet 

Additional  criteria  similar  to  the  engine  design 
conditions  have  been  established  for  those  condi- 
tiony  peculiar  to  the  variable-geometry  engine 
inlet.  Engine  thrust  considerations  have  been 
replaced  by  conditions  involving  inlet  internal 
pressures.  The  interior  portions  of  the  inlet  are 
designed  for  an  ultimate  factor  of  1 . 5  on  the  max¬ 
imum  pressures  attainable  during  an  upset  con¬ 
dition  at  dive  speed.  An  ultimate  factor  of  2.5  is 
applied  to  the  normal  operating  pressures;  a  fac¬ 
tor  of  2. 0  is  applied  to  pressures  sustained  in 
conditions  of  e>rternal  compression.  Inlet  skins 
are  designed  to  withstand  1. 5  times  the  maximum 
negative  pressure  differential  without  buckling. 

2.4.15.3  Cowling 

An  ultimate  factor  of  2. 0  is  used  on  the  combined 
maximum  internal  plus  c.xternal  pressure.  The 
effects  of  yaw  and  pitch  angles  consistent  with 
airplane  maneuvers  are  also  included. 

All  latches  are  designed  for  3.0  factors  ultimate 
on  the  maximum  combined  pressures.  The  struc¬ 
ture  is  capable  of  supjjorting  limit  load  with  any 
one  latch  unlatched.  The  cowling  is  designed  for 
an  ultimate  factor  of  1. 5  on  the  maximum  pres¬ 
sure  resulting  from  any  duct  failure  comljined 
with  normal  flight  loads.  Thermal  effects  on 
cowling  structure  are  included. 
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2.4.15.4  Emergency  Landing  and  Ditching 
Provisions  will  be  made  that  will  allow  the  pro¬ 
pulsion  pods  to  be  tom  free  of  the  stabilizer 
structure  without  rupturing  any  fuel  cell  if  a 
wheels-up  or  ditching  condition  is  encountered. 

2.4.16  Hydraulic  Actuators 
The  following  design  conditions  will  apply  to  hy¬ 
draulic  actuators: 

a.  Pressure  vessel:  3.0  factors  ultimate 
on  normal  system  pressure 

b.  Column  (fully  extended); 


(2)  1.5  factor  ultimate  on  load  available 
from  system  maximum  relief-valve  pressure 

c.  Local  attachment  of  actuator  to  structure: 

2. 6  factors  ultimate  on  power  available  from 
normal  system  pressure 

d.  Tension: 

(1)  3.0  factor  ultimate  on  normal  system 
pressure 

(2)  1. 5  factor  ultimate  on  limit  inertia  and 
airload 


(1)  1.5  factor  ultimate  on  limit  inertia  and 
airload 
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3.0  LOArys 


McthodM  of  annlyulH  and  validation  procodurca  to 
l)i>  UNod  for  oHtabllHhinK  atructural  doHlicn  loada  on 
tk*  prototyix!  and  production  n-2707  airplanes  are 
baHcd  on  technology  within  the  current  state  of  the 
art.  The  Kuneral  approach  to  the  steady  and  dy¬ 
namic  loads  problem  Is  consistent  w'lth  past  ex- 
IK'iIcncc  on  the  Booing  subsonic  commercial  air¬ 
plane  series.  The  philosophy  of  this  approach  Is 
hummnri/ed  in  the  following  general  description 
of  three  levels  of  loads  technology. 

a.  lx.'vcl  1:  Preliminary  design  loads  are 
established  for  a  prototype  airplane  to  provide  a 
basis  for  structural  layouts  and  to  substantiate 
airplane  weight  estimates.  Load  distributions  are 
liased  primarily  on  theoretical  methods  combined 
with  Hind  tunnel  data  obtained  on  similar  configu¬ 
rations.  During  this  time  period,  the  wind-tunnel 
test  program  Is  underway  but  not  complete. 

Loads  are  not  supported  by  completely  sufficient 
test  data  and  result  in  conservative  values. 

I).  Ix!vol  2:  Final  design  loads  use  detail 
wind-tunnel  pressure  data  to  establish  final  proto- 
tyi>e  design  loads  for  support  of  engineering  draw¬ 
ing  release. 

c.  I.evel  3;  Verification  loads  use  complete 
wind-tunnel  and  structural  test  deflection  data,  as 
well  as  the  flight  load  survey,  to  define  design 
verification  loads  and  to  establish  growth  poten¬ 
tial  for  production  airplanes. 

The  historical  progression  of  the  wing  design 
bending  moment  for  the  Boeing  367-80  subsonic 
Jet  transport  prototype  through  these  three  levels 
of  technology  Is  shown  in  Fig.  3-1.  The  not  re¬ 
duction  In  bending  moment  from  Level  1  to  Level 
3  is  approximately  15  percent.  It  is  expected 
through  the  use  of  present  loads  prediction  tech¬ 
nology  that  this  percentage  will  be  reduced. 

The  hti*uctural  design  loads  shown  in  this  docu-  I 
ment  are  considered  to  be  at  technology  Level  1  / 
and  are  appropriate  for  defining  the  preliminary  / 
design  of  the  prototype  airplane.  The  maximum" 
design  taxi  gross  weight  for  the  preproduction 
prototype  B-2707  airplane  is  635, OOo  lb  For 
comparison  purposes,  preliminary  design  loads 


are  Included  for  the  production  airplane  at 
675,000-11)  maximum  design  taxi  weight.  It  Is 
emphaslted  that  structural  design  loads  at  tech¬ 
nology  level  3  foi  the  products  ^  airplane  are  ex 
pocted  to  l)e  tielow  the  currently  Justifiable  level 
1  values.  Summarised  descriptions  of  the  planne 
verification  tests  as  well  as  methods  of  analysis 
lei^dlng  to  the  production  B-2707  are  Included  In 
this  section. 

3.1  DESICN  I/)ADS 

The  speed  altitude  diagram,  Fig.  3-2,  shows  the 
flight  regime  for  determination  of  structural  de¬ 
sign  loads  for  the  B-2707.  Data  defining  airplane 
design  speeds,  wing  sweep  placards,  oenter-of- 
gravlty  limits,  and  gross  weights,  as  well  as  oth¬ 
er  design  criteria,  appear  In  Sec.  2.0.  The 
B-2707  design  loads.  Including  all  critical  static - 
elastic  and  ^namlc  conditions,  are  summarized 
in  the  paragraphs  that  follow.  Preliminary  design 
loads  are  shown  for  a  prototype  and  a  production 
airplane  at  635,000  and  675,000  Ib,  respectively. 
Methods  of  analysis  are  discussed  In  Par.  3.2. 
Sign  conventions  used  to  define  all  external  loads 
are  shown  in  Fig.  3-3. 

Airplane  6-deg-of-freedom  maneuver  time  his¬ 
tories  have  been  calculated  for  critical  and  near 
critical  transient  maneuver  conditions  to  evaluate 
airplane  response  characteristics.  Typical 
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Figuf  3-2.  Structural  Daalgn  ConJltlom 


»IBW 


solutions  for  airplane  pitch,  yaw,  and  rolling 
pullout  maneuvers  are  shown  in  Par.  3.2.2. 
Preliminary  design  maneuver  loads  shown  in  this 
document  are  all  conservatively  based  on  instan¬ 
taneous  surface  deflections  with  no  relief  due  to 
airplane  response. 


The  airplane  load  distribution  for  all  steady -state 
design  conditions  are  based  on  the  aerodynamic 
Influence  coefficient  method  described  in  Par. 
3.2.1.  Loads  are  computed  using  the  flexible 
wing,  body,  tall,  and  their  associated  aerodjmam- 
ic  forces  in  a  single  simultaneous  solution.  This 
method  is  designated  as  a  unified  simultaneous 
solution. 

3. 1. 1  Wing  Loads 

Critical  load  conditions  for  wing  structural  design 
are  summarized  in  Table  3-A.  The  critical 
center-of-gravlty  limits  are  conservatively  as¬ 
sumed  for  all  wing  conditions.  Symmetric,  bal¬ 
anced  maneuver  conditions  at  limit  maneuver  load 
factor  are  critical  for  wing  design.  Unsymmetiic 
loading  due  to  roll  is  .-naximum  with  the  airplane 
in  the  high-lift  configuration  at  maximum  designi 
gross  weight.  With  the  wing  sweep  placards  es-r^ 
tabllshed  for  the  B-2707,  the  wing  is  not  criticalj '' 
for  dynamic  gust  conditions.  V^ng-span  load  dia^ 
tributions  and  centers  cf  pressure  for  five  design 
conditions  are  shown  in  Figs.  3-4  through  3-8. 


Figure  3-4.  Wing  Airload  Distrilrution,  Condition  9 
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Tabit  3-A.  Wing  Dt$lgn  Ccndlflom 


Condition 

No. 

Condition 

Description 

Wing 

Le 

Sweep 

(deg) 

Mach 

No. 

Altitude 

X  10-3 

(ft) 

Ve 

(kn) 

Gross 

Weight 

X  10-3 

(lb) 

CG 

^  ^root 

Outbd 
Wing 
(%  max 

fuel) 

nCG 

(Limit) 

9 

Flaps -down 
maneuver 

30 

0.295 

0 

195 

668 

59.0 

96.5 

2.0 

32 

Subsonic 

maneuver 

42 

0.85 

29.9 

307 

650 

59.5 

87.6 

2.5 

22 

Transonic 

maneuver 

72 

1.2 

38.5 

354 

637 

60.8 

81.2 

2.5 

25 

Supersonic 

maneuver 

72 

2.  7 

64 

433 

605 

60.4 

65.3 

2.5 

402 

Flaps -down 
steady  roll 

30 

0.295 

0 

195 

668 

59.0 

96.5 

1.33 

24 

Supersonic  neg¬ 
ative  maneuver 

72 

2.7 

64 

433 

605 

60.4 

65.3 

-).0 

204 

Takeoff  taxi 

30 

— 

— 

— 

‘^75 

100 

— 

9* 

Flaps -down 
maneuver 

30 

0.295 

0 

195 

628 

59.0 

90.5 

2.0 

32* 

Subsonic 

maneuver 

42 

0.85 

31.1 

299 

609 

59.5 

87.1 

2.5 

22* 

Transonic 

maneuver 

72 

1.2 

39.8 

344 

597 

60.8 

81.2 

2.5 

25* 

Supersonic 

maneuver 

72 

2.7 

65.3 

420 

570 

60.4 

67.8 

2.5 

402* 

1 _ 

Flaps -dowi 
steady  roll 

30 

_ 

0.295 

0 

195 

626 

_ 

59.0 

96.5 

1.33 

*Proto1ype  airplane 
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Fifun  J>7.  Wimf  AhImJ  Dlitrlitrthii,  CumJlHtm  ?2 


I 


J 

! 

I 

! 


I 


Fifvr*  3*8.  Wing  Alrtm^  DUftlkvIlon,  Condition  402 


Design  net  shear  moments  and  torsions  are  shown 
In  Airframe  Design  Report  -  Part  B,  V2-B2707-6- 
2,  Par.  3.2,  for  the  675, 000-lb  production  air¬ 
plane  and  In  Airframe  Design  Report  -  Part  A, 
V2-B2707-6-1,  Par.  8. 1,  for  the  636,000-lb  pro¬ 
totype  airplane. 

Wing  pivot  design  holding  and  actuating  loads  for 
the  B-2707  airplane  are  shown  In  Fig.  3-9.  Wing 
sweep  actuation  requirements  are  limited  to 
n  -  1. 0  :fc  0. 25.  The  system  stalls  without  failure 


If  the  applied  actuator  load  exceeds  the  system 
actuation  capability.  Integrated  pressure  data  ob¬ 
tained  from  Phase  n  wind  tunnel  tests  are  utilized 
In  defining  the  flaps -up  chord  moments.  The 
.In-plane  components  rf  wing  slats,  flaps,  and  roll 
control  surfaces,  used  to  calculate  flaps-down 
chord  moments,  have  been  estimated  from  wind- 
tunnel  force  tests  of  the  B-2707  and  from  pres¬ 
sure  testa  of  related  oonflgtiratlons.  The  effects 
of  Inertia,  when  relieving,  are  conservatively 
ignored. 
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3.1.2  High-Lift  and  Control-Surface  Loads 
The  design  high-lift  and  control-svffface  loads  for 
the  B-2707  are  shown  in  Table  3-B.  These  loads 
have  been  calculated  using  information  from  tests 
of  Boeing  commercial  transports  and  SST  pres¬ 
sure  models.  Allowance  has  been  included  for  a 


25-fp8  head-on  gust  during  flaps-down,  level 
flight.  The  high-lift  and  control-surface  speed 
placards  are  listed  in  Table  2-A.  Movable  sur 
face  loads  on  the  empennage  are  shown  in  Air¬ 
frame  Design  Report  -  Part  B,  V2-B2707-6-2, 
Par.  3.4. 


TabU  3’B.  Dotign  Loads,  High  Lift  and  Control  Surfoess 


Flight  Condition 

Surface 

Deflection 

(deg) 

Limit  Surface  Loading 

Pcditive 

Load 

Direction 

(psf) 

Center  of 
Pressure, 
Fraction 
of  Chord 
from  LE 

Description 

\e 

(deg) 

Mach 

No. 

Alt 

xlO-3 

(ft) 

Wing  Flaps 

1  Fore 

Aft 

Fore 

Aft 

Positive  maneuver,  landing 

30 

0.30 

0 

30 

50 

570 

360 

0.40 

Up 

Positive  ir.aneuver ,  takeoff 

30 

0.34 

0 

20 

40 

600 

380 

0.40 

Up 

Positive  maneuver,  climbout 

30 

0.44 

1.0 

5 

5 

480 

480 

0.40 

Up 

Strake  Flaps 

Fore 

Mid 

Aft 

Fore 

Mid 

Positive  maneuver,  landing 

30 

0.30 

0 

26 

40 

60 

420 

260 

140 

0.40 

Up 

Positive  maneuver,  takeoff 

30 

0.34 

0 

26 

40 

60 

530 

330 

170 

0.40 

Up 
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Tabh  3-B.  (ConcluJ»d) 


1 - - 

1  Limit  Surface  Loading 

1  Mignc  uonmnon 

Center  of 

Description 

\e 

(deg) 

Mach 

No. 

Alt 

xlO-3 

(ft) 

Surface 

Deflection 

(deg) 

Cn^ 

(psf) 

Pressure, 
Fraction 
of  Chord 
from  LE 

Positive 

Load 

Direction 

Winj^  Slats 

Positive  maneuver,  subsonic  cruise 

42 

0.67 

1.0 

0  holddown 

770 

0.30 

Up 

Positive  maneuver,  climb 

42 

0.50 

1.5 

6 

950 

0.30 

Up 

Positive  maneuver,  cllmbout 

30 

0.45 

1.0 

6 

860 

0.30 

Up 

negative  maneuver,  cllmbout 

30 

0.45 

1.0 

6 

-540 

0.40 

Up 

Negative  maneuver,  climb 

42 

0.50 

1.5 

6 

-880 

0.40 

Up 

Strake  Slats 

Positive  maneuver, 
emergency  descent 

72 

0.72 

1.0 

0  holddown 

750 

0.30 

Up 

Positive  maneuver,  climb 

42 

0.50 

1.5 

25 

880 

0.30 

Up 

Negative  maneuver,  climb 

42 

0.50 

1.5 

25 

-880 

0.40 

Up 

Negative  maneuver, 
emergency  descent 

72 

0.50 

1.5 

25 

-1550 

0.40 

Up 

Spoilers 

Negative  manuever,  roll 

42 

0.70 

3.0 

45 

520 

0.45 

Down 

Negative  maneuver,  roll 

72 

2.30 

42.5 

45 

520 

0.45 

Down 

Positive  maneuver,  emergency 
descent 

72 

0.72 

1.0 

0  holddown 

-970  (outbd) 

0.50 

Down 

Positive  maneuver,  emergency 
descent 

72 

0.72 

1.0 

0  holddown 

-300  (inbd) 

0.50 

Ailerons 

Positive  maneuver,  cllmbout 

30 

0.44 

1.0 

25 

400 

0.35 

Up 

Positive  maneuver, 
emergency  descent 

72 

0.72 

1.0 

0  holddown 

900 

0.50 

Up 
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3. 1.  3  Fuselage  Loads 

TTie  airloads  on  the  fuselage  and  fixed-wing  strake 
regions  used  to  define  fuselage  net  loads  in 
Airframe  Design  Report  -  Part  A,  V2-B2707-G-1 , 
Par.  8.5,  and  Airframe  Design  Report  -  Part  B, 


V2-B2707-6-2,  Par.  3.3,  are  obtained  from  a  uni¬ 
fied  simultaneous  solution.  A  summary  of  the  de¬ 
sign  oondltions  for  the  fuselage  is  presented  in 
Table  3-C.  Airload  distribution  for  crltloal  flight 
maneuver  conditions  are  shown  in  Figs.  3-10  and 


Tahlw  3‘C.  Fuflag*  DtMign  ConJitlont 


Condition 

No. 

Condition  Description 

Wing 

LE 

Sweep 

(deg) 

Mach 

No. 

Altitude 

X  10-3 
(ft) 

Ve 

(kn) 

Gross 

Weight 

X  10-3 

ab) 

CG 

%  Croot 

"CG 

(Limit) 

9 

Flaps-down  maneuver 

30 

0.295 

0 

195 

668 

59.0 

2.0 

17a 

17b 

Dynamic  landing  negative 
bending 

Dynamic  landing  positive 
bending 

30 

0.212 

0 

140 

430 

59.0 

— 

25 

Supersonic  maneuver 

72 

2.7 

64 

433 

605 

60.4 

2.5 

50 

Supersonic  maneuver 

72 

2.7 

64 

433 

605 

62.9 

2.5 

28 

Vc  gust  at  forward  CG 

42 

0.9 

26.6 

350 

380 

58.5 

— 

51 

Subsonic  maneuver 

42 

0.9 

33 

303 

648 

59.5 

2.5 

52 

Subponlc  negative 
maneuver 

42 

0.9 

33 

303 

648 

59.5 

-1.0 

202 

Nose  gear  yaw 

30 

— 

— 

— 

675 

— 

— 

203 

Ground  turn 

30 

— 

— 

675 

— 

— 

204 

Takeoff  taxi 

30 

— 

— 

— 

675 

— 

101 

Lateral  gust 

72 

1.21 

31.5 

423 

380 

58.5 

— 

9* 

Flaps-down  maneuver 

30 

0.295 

0 

195 

628 

59.0 

2.0 

50* 

Supersonic  maneuver 

72 

2.7 

65.3 

420 

570 

62.8 

2.5 

51* 

Subsonic  maneuver 

42 

0.9 

34.3 

294 

608 

59.5 

2.5 

202* 

Nose  gear  yaw 

30 

— 

— 

— 

635 

— 

— 

203* 

Ground  turn 

30 

— 

— 

— 

635 

— 

— 

204* 

Takeoff  taxi 

30 

— 

— 

— 

635 

— 

— 

*Prototype  airplane 
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3-11.  Alrloadi  on  the  fixed  wing  itrnke,  which 
are  reacted  directly  in  the  fuselage,  are  Included. 
The  aero4ynamlo  loads  acting  on  the  fuselage  dur¬ 
ing  (tmamio  landing  are  ahown  in  Fig.  3-i2.  The 
4)^mle  landing  condition  la  described  In  Par. 
3.2.4.  The  orltloal  dynamic  gust  condition  oc¬ 
curs  at  Me  ■  0. 9  for  a  mlnimiun  structural 
reserve-fuel,  maximum  payload  condition  with  the 
winga  in  the  intermediate,  >  42  deg,  posi¬ 
tion.  Detalla  of  the  analysea  used  for  gust  design 
are  presented  in  Par.  3.2.3. 

The  movable-nose  airloads  listed  In  Table  3-D 
have  been  calculated  using  slender-fuselage 
theory  plus  crossflow.  The  design  conditions  for 
movable-nose  up  and  locked  and  for  the  nose 
drooped  21  deg  are  presented. 

3.1.4  Horizontal -Tail  Loads 
CondltlonB  Influencing  the  design  of  the  B-2707 
horizontal  tall  are  shown  In  Table  3-E.  Airload 
distributions  for  two  flight  conditions  are  shown  in 
Figs.  3-13  and  3-14.  ntch  Initiation  by  ^rupt 
control-surface  deflection  yields  maximum  flight 
loads  for  the  horizontal  tail.  Time  histories  of 
these  maneuvers,  Indicating  the  conservatism  of 
the  design  loads,  are  presented  In  Par.  3.2.2.  It 
Is  noted  that  the  design  of  major  portions  of  the 
horizontal  tall  are  dictated  by  stiffness 
requirements  for  flutter  prevention  and  for  elevon 
and  elevator  aeroelastlc  effectiveness.  The  max¬ 
imum  net  design  loads  for  the  horizontal  tall  on 
the  675,000-Ib  production  airplane  are  shown  in 
Airframe  Design  Report  -  Part  B,  V2-B2707-6-2, 
Par.  3.4. 


loev  mrioa  iincwsi 


^Igur*  3-10.  Fu»»tagt  Airload  Distrlbulion,  Condition  9 


lOPV  SUtlOhltMCHfll 

Figaro  3-11.  Fufolago  Airload  Di$tribufion,  Condition  51 


lOOT  tutioa(tiCMn) 


Figaro  3-12.  Fatolago  Airload  Diitribation,  Condition  17 


V2-B2707-7 


Tabu  3-D.  MovabU-Nosa  Dasign  Airloads 


Nose  Configuration 

Wing 

LE 

Sweep 

(deg) 

Flight  Condition 

Limit  Airload 

Shear 
at  BS  611 
(lb) 

Center 

of 

Pressure 

BS 

Mach 

No. 

Limit 

Load 

Factor 

Altitude 

(ft) 

Nose  up  and  locked 

72 

2.  70 

2.5 

60,200 

15,300 

420 

2.90 

2.5 

52,000 

12,400 

420 

2.31 

2. 5 

42,500 

12,800 

420 

Nose  droop  of  21° 

72 

0.90 

-1.0 

23,500 

-25,300 

461 

0,  71 

0 

_ 

0 

-24,900 

_ 

475 

TabU  3-E.  Horixonfal-Tail  Dasign  Conditions 


Condition 

No. 

Condition  Description 

\Wng 

LE 

Sweep 

(deg) 

Mach 

No. 

Altitucte 

X  lO"-^ 
(ft) 

Ve 

(kn) 

Gross 

Weight 

xlO-3 

(lb) 

CG 

^oot 

nCG 

(Limit) 

20 

Flaps -down  pitch  initiation 

30 

0.34 

0 

225 

668 

59.0 

1.0 

180 

Flaps-down  pitch  initiation 

30 

0.295 

0 

195 

668 

59.0 

1.0 

141 

Transonic  pitch  initiation 

72 

1.2 

38.5 

354 

637 

60.8 

1.0 

140 

Supersonic  pitch  initiation 

72 

2.7 

64 

433 

605 

60.4 

1.0 

341 

Subsonic  roll  initiation 

42 

0.85 

13.2 

438 

659 

59.6 

1.67 

9 

Flaps-down  maneuver 

30 

0.295 

0 

195 

668 

59.0 

2.0 

17a 

Dynamic  landing 

30 

0.212 

0 

140 

430 

59.0 

— 

270 

Maximum  jacking  load 

30 

— 

— 

— 

410 

— 

180* 

Flaps-down  pitch  Initiation 

30 

0.295 

0 

195 

628 

59.  ; 

1.0 

141* 

Transonic  pitch  initiation 

72 

1.2 

39.8 

344 

597 

60.8 

1.0 

270* 

Maximum  jacking  load 

30 

— 

— 

_ 

400 

— 

— 

*Prototype  airplane 
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Fifuft  3-J3.  Horit»ntal-TaU  Airload  Dittributlon  Figaro  3’14.  Horitontol-Tail  Airload  Diotribution, 

CorrdHlon  ItO  Condition  141 


3. 1.5  Vertical-Tail  Loads  assumed  for  design  load  calculations.  Rational 

Vertical-tail  design  loads  are  summarized  in  rudder  deflection  rates  have  been  used  in  the 

Table  3-F .  Solutions  for  elastic  vertical-tail  rudder  maneuver  time  histories  presented  in  Par. 

loads  are  obtained  by  the  aerodynamic  Influence  3. 2. 2.  These  time  histories  show  the  airplane 

coefficient  method  for  the  Isolated  surface  as  ex-  yaw  response  characteristics  with  and  without 

plained  in  Par.  3. 2. 1.  Normal  force  and  pitching  stability  augmentation, 
moment  distributions  for  the  vertical-tail  design 

conditions  are  shown  In  Figs.  3-15  through  3-1 7.  The  maximum  lateral -gust  load  results  from  the 
These  rudder -Induced  maneuver  loads  are  based  formula  of  FAR,  Par.  25.  35i,  assuming  a  rigid 

/  on  an  instantaneously  deflected  rudder.  Dynamic  vertical -tail  lift  curve  slope  and  Kg  =  1.0.  Re¬ 

overyaw  to  1.  7  times  the  steady  side-slip  angle  is  suits  of  dynamic  lateral-gust  studies  of  the 

■  ..s 
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Tekl»  3‘F.  Vtftlcal’Totl  Dttign  Conditloni 


Condition 

No. 

Condition  Description 

Mach 

No. 

Altitude 

X  10"” 

(ft) 

>1 

Limit 
l.x>ad 
Due  to 
Rudder 

X  10"^ 

ab) 

Limit 
Load 
Duo  to 
Sldeslj^ 

xio"” 

ab) 

Total 

Exposed 

Vertical 

Tall  Load 

X  10“^ 

ab) 

101 

Lateral  gust 

1.21 

31.5 

423 

0 

92 

92 

211 

Subsonic  rudder  maneuver, 
yaw  initiation 

0.9 

26.6 

350 

72 

0 

72 

212 

Subsonic  rudder  maneuver, 
dynamic  overyaw 

0.9 

26.6 

350 

72 

-181 

-109 

213 

Subsonic  rudder  maneuver, 
checkback  to  6^.=  0  from 
steady  sideslip 

0.9 

26.6 

350 

0 

-106.4 

-106.4 

217 

Transonic  rudder  maneuver, 
yaw  initiation 

1.2 

31.2 

421 

41.3 

0 

41.3 

226 

Supersonic  rudder  maneuver, 
yaw  Initiation 

2.7 

60.2 

475 

_ 

23 

0 

23 

NOTE;  Vertical-tail  design  loads  are  the  same  for  ihe  production  and  prototype  airplanes. 

Figure  3-75.  V»rtical-Tail  Airload  Diftribution,  Condition  277 


Figaro  3-16.  Vortical.Tail  Airload  Distribution,  Condition  212 
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Figur*  3-17.  V»ttieal~Tail  Airload  Distribution,  Condition  101 


I 

i 

t 
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B-2707  are  presented  in  Par.  3.2.3.  Design 
loads  for  the  vertical  tail  are  shown  in  Airframe 
Design  Report  -  Part  B,  V2-B2707-6-2,  Par. 

3.7. 

3.1.6  Propulsion-Pod  Design  Loads 
The  propulsion-pod  design  conditions  for  both  in¬ 
board  and  outboard  nacelles  as  outlined  in  Table 
3-G  satisfy  the  criteria  of  Par.  2.4. 15.  A  sep¬ 
arate  set  of  conditions  are  defined  for  inlet  design 
in  Table  3-H.  The  aerodynamic  loading  shown  in 
Fig.  3-18  for  the  outboard  pod  is  applied  to  all 
four  engines.  Maximum  pressures  during  inlet 
unstart,  which  have  been  considered  for  local  de¬ 
sign  of  the  propulsion  pod,  wing,  aid  horizontal 
tail,  are  shown  in  Fig.  3-19. 

External  design  loads  for  the  propulsion  pod  are 
shown  in  Airframe  Design  Report  -  Part  B, 
V2-B2707-6-2,  Par.  3.7. 


3.1.7  Design  Ultimate  Ground  Loads 
The  ultimate  ground  loads  are  calculated  in  ac¬ 
cordance  with  the  criteria  of  Sec.  2. 2  and  are 
used  for  landing -gear  stress  analysis  in  Sec.  3.6. 
Loads  for  the  675,  000-  and  635,  000-lb  takeoff 
weights  are  listed  in  Tables  3-1  and  3-J. 

3.2  LOAD  ANALYSIS 

Methods  of  analysis  used  to  calculate  B-2707  de¬ 
sign  loads  and  those  proposed  for  final  Phase  IB 
design  are  described  for  the  steady-static  elastic 
flight  conditions  as  well  as  dynamic  ground  and 
flight  conditions.  In  general,  the  approach  relics 
heavily  on  proven  techniques  e.xcept  for  modifica¬ 
tions  dictated  by  configuration  details  and  the  op¬ 
erating  regime  of  the  13-2707  airplane. 

3,  2. 1  Steady-State  Aeroelastic  Analysis 
The  fuselage,  wing,  and  horizontal-tail  airload 
distribution  for  all  steady-state  flight  conditions 
is  analyzed  by  a  panel  aerodynamic  influence  so¬ 
lution.  The  elastic  properties  of  the  entire  air¬ 
plane,  including  the  fuselage,  are  represented  by 
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Tabit  3-C.  Propulilon-PoJ  D»§lgn  ConJlHom 


Con¬ 

dition 

No. 

Condition  (ultimate) 

1 

Landing 

G.OV 

2 

Landing 

-4.0V 

3 

Supersonic 

maneuver 

6.0V  +  1.5  'I'm 

4 

Supersonic 

maneuver 

-4 .  OV  +  1 . 5  'Em 

3 

Fatigue 

3.0V  +  3.0  'Em 

6 

Fatigue 

3.0  Tm 

7 

Maneuver 

2.5S 

8 

Maneuver 

-2.5S 

9 

Gyroscopic 

1 . 5V  +  1 . 5  Tm  +  My 

10 

Gyroscopic 

1.5V  +  1.5  'Em  -  My 

11 

Gyroscopic 

3.  75V  +  1.5  Tm  +  Mp 

12 

Gyroscopic 

3.  75V  +  1.5  Tm  -  Mp 

13 

Supersonic 

maneuver 

1 . 5  Tm  +  Aero  (S) 

14 

Supersonic 

maneuver 

1. 5  Tm  -  Aero  (S) 

15 

Transonic 

maneuver 

1.  5  "Tm  +  Aero  (T) 

16 

Transonic 

maneuver 

1 . 5  Tm  -  Aero  (T) 

17 

Wheels -up 
landing 

9.0D 

18 

Ditching 

-6.0D 

19 

Reverse  thrust 

3.0V  +  3.0  Tr 

20 

Engine  seizure 

Mr 

V 

=  weight  of  propulsion  pod  acting 
vertically 

D 

=  weight  of  propulsion  pod  acting 
forward 

S 

=  weight  of  propulsion  pod  acting 
laterally 

Tm 

=  maximum  engine  thruvt 

Tr 

=  maximum  engine  reverse  thrust 

Aero  (S)  -  total  aerodynamic  load  acting  on  pro- 

pulsion  pod  (supersonic) 

Aero  (T)=  total  aerodynamic  load  acting  on  pro- 

pulsion  pod  (transonic) 

My 

=  gyroscopic  yawing  moment 

Mp 

=  gyroscopic  pitching  moment 

Mr 

=  engine  rolling  moment  induced  by 

stoppage  of  critical  rotating  mass 
in  0.3  sec 

Tokit  i-H.  Bngln9-hl»l 


Con¬ 

dition 

No. 

Condition  (ultimate) 

1 

Landing 

O.OV 

2 

Landing 

-4.0V 

3 

Supersonic 

maneuver 

O.OV  ♦  1.  5  Tjj 

4 

Supersonic 

maneuver 

-I.OV  ^  1.8  Tp 

5 

Supersonic 

maneuver 

3. 75V  ^  2.5  Tg.u 

6 

Supersonic 

maneuver 

3.75V  2.0  Tj^_y 

7 

Maneuver 

2.5S 

8 

Maneuver 

-2.5S 

9 

Emergency  landing 

9.0D 

-6.0D 

10 

Ditching 

11 

Supersonic 

maneuver 

1.5  Tp^S^o  (S) 

12 

Supersonic 

maneuver 

1 . 5  Tp  -  r  Aero  (S) 

13 

Transonic 

maneuver 

1. 5  Tj  +  I  Aero  (T) 

14 

Transonic 

maneuver 

1.5  Tj  -  I  Aero  (T) 

V 

=  Weight  of  inlet  acting  vertically 
downward 

D 

=  Weight  of  Inlet  acting  forward 

S 

=  Weight  of  inlet  acting  laterally 

Aero  (S)  =  total  aero()ynamic  load  acting  on  in¬ 
let  (supersonic) 

Aero  (T)  =  total  aero<lynamic  load  acting  on  in¬ 
let  (transonic) 

T 

D 

=  Inlet  internal-pressure  net  thrust 
load  at  M  2. 90 

T 

*s-u 

-  Inlet  internal-pressure  net  thrust 
load  at  M  1.  70  (hormal  operation)  or 
at  M  2.35  (normal  operation);  which¬ 
ever  is  greatci’ 

T 

*u-u 

=  Inlet  internal  pressur  e  t  thrust 
load  at  M  2.  70  or  M  2.  Tj  (unstarted, 
centerbody  expanded).  >  idchever  is 
greater 

■"t 

<=  Inlet  internal-pressure  net  thrust 
load  at  M  1.40 

V2-B2707-7 
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Figurt  3-16.  D»$ign  Aerodynamic  Protsuro$,  Ptopvlaion  Pod 


Figure  3~)9,  Inlet  Unstart  Pressure  Coefficients 


a  structural  flexibility  niJtrlx  defining  ;  ngle-of- 
attack  changes  at  each  analysis  p^nel  di:e  to  ap¬ 
plied  loads  In  the  system.  The  anaiyidr.  ,:rldii  for 
the  airplane  in  the  subsonic  and  sup?".;cnic  c#  ulse 
configurations  are  shown  In  Fig  3-iiT. 

The  vertical-tall  analysis  gii  is  sho.vi.  m  v. 
3-21.  Effects  of  fuselage  fie  klblllty  in  thj  vaiti- 
cal  tall  solution  are  Included  as  a  boundary  ''  r  ndi- 
tlon. 


Figure  3-20.  Pane!  Layout,  Wing  and  Horixontal  Tall 

The  aerodynamic  matrix  used  In  the  solution  is 
based  on  the  method  of  Ref.  3-1,  which  obtains  a 
solution  tu  the  linearized  potential  flow  equation 
for  subsonic,  sonic,  and  supersonic  flow  by  nu¬ 
merical  means.  This  influence  matrix  has  been 
used  in  the  development  of  a  static,  aeroelastic, 
airload  distribution  solution. 


V2-B2707-7 
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Tabu  3-1.  Producflon-Airplana  Datign  Ground  Loads 


Limit  Stsitlc  Vertical  Loads  Per  Gear 

Forward  CG 

Aft  CG 

Giw.  t  (lb) 

A  (in.) 

VMalii 

VNose 

A  (in.) 

VMain 

VNose 

b  'l',  000 

105 

157 

48 

47 

163 

22 

430,000 

124 

98 

37 

47 

104 

14 

E)esign  Ultimate  Ground  Loads 

iNOse  Gear 

Aft  Main  Gear 

_ _ _ 1 

Forward  Main  Gear 

Condition 

1 

D 

S 

V 

D 

- 1 

s 

- 1 

TQ 

V 

D 

S 

TQ 

2 -point  braked  roll 

— 

— 

253 

176 

0 

0 

293 

176 

0 

0 

3 -point  braked  roll 

157 

0 

0 

222 

176 

0 

0 

222 

176 

0 

0 

With  flat  tire 

116 

0 

0 

233 

88 

0 

0 

233 

88 

0 

0 

Yaw,  unsymmetri- 
cal  braking 

117 

0 

26 

233 

176 

0 

0 

233 

176 

0 

0 

With  flat  tire 

95 

0 

14 

238 

88 

0 

0 

238 

88 

0 

0 

Yaw,  static 

72 

0 

58 

— 

— 

— 

— 

— 

— 

— 

With  flat  tire 

72 

0 

29 

— 

— 

— 

— 

— 

— 

— 

— 

Ground  turn 

72 

0 

36 

475 

0 

238 

2,620 

479 

0 

238 

2,620 

With  1  flat  tire 

72 

0 

18 

359 

0 

90 

2,080 

359 

0 

90 

2,080 

With  2  flat  tires 

- 

- 

- 

336 

0 

67 

1,340 

336 

0 

67 

1,340 

Takeoff  taxi 

144 

0 

0 

486 

0 

0 

0 

486 

0 

0 

0 

Pivoting 

- 

- 

- 

244 

0 

0 

±6,580 

244 

0 

0 

±6,580 

Forward  towing 

72 

-152 

0 

244 

-114 

0 

0 

244 

-114 

0 

0 

Aft  towing 

72 

152 

0 

244 

114 

0 

0 

244 

114 

0 

0 

Side  towing 

72 

0 

54 

244 

0 

±114 

0 

244 

0 

±114 

0 

Reverse  braking 

244 

-134 

0 

0 

244 

-134 

0 

0 
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Tahh  3-1.  (CeneludtJ) 


Design  Ultimate  Ground  Loads 

- 1 

Nose  Gear 

Aft  Main  Gear 

Forward  Main  Gear 

Ck>ndltlon 

V 

1 

D 

S 

V 

D 

TQ 

V 

D 

S 

TQ 

2 -point  level  with  spln-up 

- 

- 

255 

182 

0 

0 

- 

- 

- 

2-polnt  level  with  spring- 
back 

- 

- 

- 

255 

-126 

0 

0 

- 

- 

Tall  down  with  spln-up 

- 

- 

- 

276 

122 

0 

0 

- 

- 

- 

- 

1 

E 

Tall  down  with  spring- 
back 

- 

- 

- 

251 

-170 

0 

0 

- 

- 

- 

- 

Right  drift 

- 

- 

- 

128 

-63 

102 

0 

- 

- 

- 

- 

Left  drift 

- 

- 

- 

128 

-63 

-77 

0 

- 

- 

- 

- 

Boeing  condition 

With  spln-up 

151 

106 

0 

- 

- 

- 

- 

- 

- 

- 

With  spring-back 

151 

-75 

0 

- 

- 

- 

- 

- 

- 

- 

- 

Max  strut  reaction 

140 

35 

0 

- 

- 

- 

- 

- 

- 

- 

V  =  vertical  load  per  gear  In  Wps  (positive  up) 

D  drag  load  per  gear  In  kips  (positive  aft) 

S  *=  side  load  per  gear  In  Wps  (positive  Inboard) 

TQ  «*  moment  about  main-gear  vertical  centerline  In  Inch-Wps  (positive  counterclockwise  in  plan 
view) 

All  nose-gear  side  loads  are  reversible. 

All  dimensions  are  in  inches. 

Tabu  3’J.  Prototypa-Airplana  Dasign  Ground  Loads 


Limit  Static  Vertical  Loads  Per  Gear 

Airplane 

Gross  Weight  (lb) 

Forward  CG 

Aft  CG 

A  (in.) 

^main 

Vnose 

A  (in. ) 

Vmain 

'^nose 

635,000 

105 

148 

4G 

47 

1.53 

21 

425,000 

124 

97 

36 

47 

98 

13 
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Tabit  3-J.  (ConcluM) 


Design  Ultimate  Ground  Loads 


Nose  Gear 

Aft  Main  Gear 

Forward  Main  Gear 

Condition 

V 

D 

S 

V 

D 

S 

TQ 

V 

D 

S 

TQ 

2 -point  braked  roll 

— 

— 

— 

239 

176 

0 

0 

239 

176 

0 

0 

3 -point  braked  roll 

148 

0 

0 

209 

167 

0 

0 

209 

167 

0 

0 

With  flat  tire 

110 

0 

0 

219 

88 

0 

0 

219 

88 

0 

0 

Yaw  unsymmetrlcal 
braking 

110 

0 

24 

219 

176 

0 

0 

219 

176 

0 

0 

With  flat  tire 

90 

0 

13 

224 

88 

0 

0 

224 

88 

0 

0 

Yaw,  static 

68 

0 

55 

— 

— 

— 

— 

— 

— 

— 

s 

X 

With  flat  tire 

68 

0 

28 

— 

— 

— 

— 

— 

— 

— 

— 

Ground  turn 

68 

0 

34 

435 

0 

218 

2,465 

435 

0 

218 

2,465 

1 

With  1  flat  tire 

68 

0 

17 

332 

0 

83 

1,960 

332 

0 

83 

1,960 

5 

C; 

With  2  flat  tires 

— 

— 

312 

0 

63 

1,260 

312 

0 

63 

1,260 

Takeoff  taxi 

136 

0 

0 

459 

0 

0 

0 

459 

0 

0 

0 

Pivoting 

— 

— 

— 

230 

0 

0 

±6,190 

230 

0 

0 

.i6,190 

Forward  towing 

68 

-143 

0 

230 

-108 

0 

0 

230 

-108 

0 

0 

Aft  towing 

68 

143 

0 

230 

108 

0 

0 

230 

108 

0 

0 

Side  towing 

68 

0 

51 

230 

0 

±108 

0 

230 

0 

±108 

0 

Reverse  braking 

— 

— 

— 

230 

-127 

0 

0 

230 

-127 

0 

0 

t 

2 -point  level  with 
spln-up 

— 

255 

182 

0 

0 

- - 

—  - 

a 

e 

HH 

2 -point  level  with 
spring -back 

- - 

— 

255 

-126 

0 

0 

— 

- - 

3 

1 

Tail  down  with 
spin-up 

— 

— 

276 

122 

0 

0 

— 

— 

— 

Tall  down  with 
spring -back 

— 

—  - 

251 

-170 

0 

0 

— 

- - 

— 

Right  drift 

— 

— 

— 

128 

-63 

102 

0 

— 

— 

— 

— 

Left  drift 

— 

— 

— 

128 

-63 

77 

0 

— 

— 

— 

— 

Boeing  condition 

With  spln-up 

151 

106 

0 

— 

— 

— 

___ 

— 

— 

— 

— 

With  spring -back 

151 

-75 

0 

— 

— 

— 

— 

— 

— 

— 

— 

Max  strut  reaction 

140 

35 

0 

— 

— 

— 

— 

— 

— 

— 

— 

V  =  vertical  load  per  gear  In  kips  (positive  up) 

D  =  drag  load  per  gear  In  kips  (positive  aft) 

S  =  side  load  per  gear  In  kips  (positive  Inboard) 

TQ  =  moment  about  main-gear  vertical  centerline  In  inch-klps  (positive  counterclockwise  in  plan  view) 
All  nose-gear  side  ^  .ds  are  reversible. 

All  dimensions  are  in  Inches. 
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Figun  3-2J.  Pon«/  Layout,  Vortical  Toll 


The  basic  distribution  equation  of  the  airload  so 
lution  is,  in  matrix  form; 

where: 

{aPapJ  =  net  panel  airload  (lb) 

[A]  =  aerodynamic  influence  matrix 
(1 /radian) 

Fkp®]  =  experimentally  derived  corrective 
slope  factor  (nondlmcnslonal) 


O' 


R 


collection  of  angle  of  attack  incre¬ 
ments  due  to  built-in  twist,  engine 
thrust,  pitch  velocity,  and  inertia 
loads  (radians) 

pitch  balance  load 

structural  influence  matrix 
(radians/lb) 

structural  influence  matrix, 
radians/unit  pitch  balance  load  (lb) 

free-stream  dynamic  press  u  e  (ysf) 

wing  area  (sq  ft  per  side) 

airplane  reference  angle  of  attack 
(radians) 


{opyp}  =  experimentally  derived  corrective  an¬ 
gle  of  attack  (radians) 

{a}  =  net  panel  angle  of  attack  (radians) 

=  (aR){l}  +{«g} 

{o  }  =  panel  angle  of  attack  change  due  to 
^  external  loads  (radians) 

-  IS]  t  (Pg) 


Two  additional  equations  are  included  to  supply 
equilibrium  of  normal  force  (controlled  by  load 
factor)  and  of  pitching  moment  (controlled  by 
elevon-elevator  load).  Pitching  velocity,  pitching 
acceleration,  and  engine  thrust  are  incorporated 
into  the  detail  equations.  The  entire  set  of  equa¬ 
tions  is  then  solved  simultaneously  for  net  panel 
airload,  reference  angle  of  attack,  and  pitch 
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balance  load.  Allowance  is  made  to  correct  the 
theory  for  the  panel  normal -force  curve  slopes 
and  Intercepts  using  wind-tunnel-model  pressure 
data.  The  corrective  factors,  kgxP  oexp» 
are  calculated  by  a  reversed  solution  that  utilizes 
measured  test  data. 

The  steady-state  loads  presented  in  this  document 
are  based  on  the  theoretical  aerod)mamlc  matrix 
with  modifications  made  only  in  the  lift  and  mo¬ 
ment  balance  equations  to  match  data  obtained 
from  B-2707  wind-tunnel  force  tests.  The  com¬ 
parative  wing-load  distributions  shown  in  Par. 

3. 3. 3. 2  give  a  measure  of  the  results  obtained 
from  this  procedure. 

3.2.2  Maneuver  Time  Histories 
Preliminary  design  loads  for  symmetric  and  un- 
symmetrlc  transient  maneuver  conditions  pre¬ 
sented  in  Par.  3. 1  are  based  on  instantaneous 
control  surface  deflections.  In  order  to  study 
airplane  response  characteristics,  time  histories 


of  critical  design  flight  conditions  have  been  cal¬ 
culated.  The  analysis  consists  of  expanding  a  nu¬ 
merical  solution  to  the  6-deg-of -freedom  stability 
equations  to  compute  time  histories  of  selected 
loads  using  the  methods  described  in  Ref.  3-2.  In 
order  to  compute  the  specified  maneuver  in  terms 
of  load  factor,  internal  loops  are  provided  that  it¬ 
erate  the  control  movements  until  the  required 
load  factor  is  obtained.  Aeroelastic  derivatives, 
compatible  with  the  airplane  flight  condition  are 
used  as  inputs.  The  conditions  investigated  are 
consistent  with  the  maneuvering  criteria  present¬ 
ed  in  Par.  2. 1. 5. 

Symmetric  pitch  maneuver  with  the  airplane  in  the 
high-lift  configuration  is  shown  in  Fig.  3-22. 

Pitch,  yaw,  and  rolling  pullout  maneuver  with  the 
airplane  in  the  subsonic  cruise  configuration  and 
the  supersonic  wings-aft  configuration  are 
Illustrated  in  Figs.  3-23  through  3-28.  Design 
empennage  loads  are  identified  on  these  plots. 
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TIMI ISECONOSI 


Figure  3-22.  Flap*  Down  Pitch  Mantuvor 


Figure  3-23.  Subsonic  Pitch  Mantuvtr 
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*iNca'« 
Vc  ■43IICN 


AITITUM  •  13.200  n 
CROSS  WT- 3^.00011 


Figur*  3-24.  Sub$onic  Vow  Montuvor 


Figurt  3-25.  Subsonic  Rolling-Pullout  Mantuvtr 


Supersonic  upset  and  overspeed  maneuvers  have 
been  investigated  to  determine  maximum,  tran¬ 
sient,  aerodynamic  heating  cycles  to  be  combined 
•vith  maneuver  loads  at  cruise  Mach  number.  The 
upset  time  history  shown  in  Fig.  3-29  represents 


a  design  condition  of  upset  to  dive  Mach  number 
with  power-on  followed  by  (xjwer-off  recovery  at 
n  =  l.-l,  then  climb  to  initial  conditions.  Air¬ 
frame  aerodynamic  heating  during  this  condition 
is  discussed  in  Sec.  4.0. 
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Figure  3-26.  Transonic  Pitch  Manauvar 


Figaro  3-27.  Transonic  Yaw  Manouvor 


3.2.3  E)ynamic  Gust 

The  gust  load  results  and  approaches  presented 
herein  are  consistent  with  the  design  criteria 
specified  in  Par.  2. 1.  6.  Considerable  emphasis 
is  placed  on  the  analytical  approaches  used  since 


the  rational  dynamic  gust  analysis  employed  in¬ 
volves  newly  developing  technologies.  The 
established  methods  of  discrete  gust  analysis  are 
retained  to  complement  the  statistical  power 
spectral  density  (PSD)  approaches. 
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Figure  3-29.  Upt€t  Man»uv0f 


VtniCAL  OISCKTI 6UST  f  U  A  Hii 


TIM  l^tCOMSI 


Figur*  3-28.  Transonic  Rolling-Pullout  Monauvar 


Figuro  3-30.  For¥rard-Fusolago  Bonding  Uomont  Distribution 


3. 2. 3.1  Results  of  Analysis 

The  results  of  the  vertical,  dynamic  gust  analyses 

are  summarized  in  Figs.  3-30  through  3-34. 

These  curves  compare  four  separate  sets  of  ulti¬ 
mate,  dynamic  gust  loads  on  the  forward  fuselage, 
wing,  and  horizontal  tail  with  the  maximum  values 
from  other  loading  conditions.  The  comparison 
indicates  that  only  a  portion  of  the  forward  fuse¬ 
lage  is  vertical-gust  critical.  Results  from  lat¬ 
eral,  dynamic  gust  analyses  are  given  in  Figs. 
3-35  and  3-36  for  the  fin.  The  lateral  gust  loads 
are  less  than  those  obtained  by  other  load  condi¬ 
tions. 


antMcutyi.  co«ttia»«aMU  »-a> 


'  SAICTIAl  Cust  ncs  ICM  BM&OAn 
rara  tPtCTMiMI  mSSiOHMMVlUt 


vnriui  aitr  tWHMuc  kosi 


Additional  effort  during  Phase  HI  will  continually 
retine  all  of  the  dynamic  gust  analyses  to  include 


Figuro  3-31.  Wing  Bonding  Momont  Distribution 
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Figure  3-32.  Wing  Tonlonal  Momtnf  Distribution 


Figurs  3-33.  Horisontal-Tail  Bonding  Mom«nf  Distribution 


Figuro  3-34.  Horixontol-Tail  Torsional  Momont  Distribution 


Figurs  3-35.  Fin  Bonding  Momont  Distribution 


Figuro  3-36.  Fin  Torsional  Momont  Distrlbut’on 


any  Influential  structural  changes  that  arise  as  a  , 
result  of  design  iteration.  In  the  continuous  tur-  I 
hulence  studies,  other  mission  profiles  will  be  I 
analyzed.  A  full  review  of  airplane  weight,  speed; 
and  altitude  combinations  will  also  be  made  to  as¬ 
certain  critical  conditions.  Finally,  the  inclusion 
of  the  SAS  will  be  expanded  to  a  closed-loop  anal¬ 
ysis,  which  includes  the  effects  of  flexible  as  well 
as  rigid  airplane  motion. 

3. 2. 3. 2  Methods  of  Analysis 
Two  of  the  four  sets  of  dynamic  gust  loads  (Par. 
3.2.3. 1)  are  obtained  from  the  statistical  analysis 
of  flight  through  continuous  random  turbulence. 

The  third  group  is  obtained  by  d)^niic  analysis 
based  on  a  discrete  gust  input.  The  fourth  group 
is  obtained  by  application  of  the  gust  formula  of 
FAR,  Par.  25.341. 


V2-B2707-7 


51 


3 . 2 . 3 . 2 . 1  Continuous  Turbulence  Studies 
The  two  statistical  methods  are  termed  the  mis¬ 
sion  profile  analysis  and  the  "design  envelope" 
analysis  and  assume  that  the  airplane  is  forced  by 
a  continuous  gust  input  that  is  random  in  nature 
but  has  a  specific  statistical  description.  Air¬ 
plane  flexibility  is  described  in  terms  of  bending 
and  torsional  stiffness  distributions  along  sep¬ 
arate  elastic  axes  of  the  structural  components. 
The  associated  airplane  vibratory  effects  are  in¬ 
corporated  into  the  study  in  terms  of  natural  vi¬ 
bration  mode  shapes  expressed  as  surface  distri¬ 
butions  of  vertical  deflection  over  the  entire 
airplane,  as  shown  in  Par.  3.4.  Aerodynamic 
forces  due  to  both  airplane  motion  and  gust  en¬ 
counter  are  determined  by  lifting-surface 
theories  that  provide  aerodynamic  influence  coef¬ 
ficients  over  the  body,  wing,  and  tail  for  the  com¬ 
plete  range  of  flight  Mach  number.  Unsteady 
aerodynamic  effects  are  accounted  for  by  the  in¬ 
troduction  of  appropriate  exponential  lift  growth 
functions.  These  acrod5mamlc  forces  enter  the 
equations  of  motion  as  generalized  forces  obtained 
by  Integrating  pressures  over  the  entire  airplane 
with  the  significant  (first  five)  vibration  mode 
shapes  used  as  weighting  functions.  The  equa¬ 
tions  of  motion,  when  once  formulated,  are  solved 
by  l)oth  digital  and  analog  computers.  These  so¬ 
lutions  provide  iwth  the  forced  airplane  response 
and  the  related  structural  loadings. 


segment  the  frequency  of  exceedance  at  some  in¬ 
cremental  load  (y)  can  be  calculated  (Itef,  .1-3) 
from  the  equation: 

r  -yA)  A 

N(y)  =  e  •  Pg  c  J 

where  Pj,  P2,  bj,  and  1)2  (Mef.  2-2)  are  constants 
that  define  exposure  times  and  gust  intensities  in 
nonstorm  and  storm  turbulence.  The  separate 
exceedances  are  then  weighted  by  the  fraction  of 
total  mission  time  spent  in  each  segment  to  estal)- 
llsh  exceedance-level  loading  curves.  The  final 
and  crucial  interpretive  step  in  the  application  of 
this  analysis  method  is  the  establishment  of  a  def¬ 
inite  relationship  between  exceedance  load  levels 
and  design  load  values.  In  the  present  study  the 
limit  incremental  gust  load  is  designated  to  be 
that  value  that  is  associated  with  a  probability 
level  of  10“5  exceedances  per  hr.  Vertical-gust 
exceedance  curves  for  bending  moments  on  the 
forward-fuselage  and  horizontal  tall  are  plotted  in 
Figs.  3-30  .and  3-40. 

The  "design  envelope"  approach  provides  limit_ 
design  gust  loads  l)y  multiplying  the  rms  load,  A, 
determined  at  the  most  critical  gu.s^condltion  by  a 
factor,  U(;,  giving  limit  load  =  IV  A.  The  large.st 
gust  loads  occur  at  velocit>'  Vc  on  the  design  en- 
veloi)e.  The  flight  conditions  are  as  follows: 


The  basic  power  spectral  relationships  employed 
in  the  statistical  analyses  arc  illustrated  in  Fig. 
3-37.  The  power  s|x;ctral  density  of  the  gust  in¬ 
put  shown  is  a  frequency-sensitive  function  that 
dcscrilx!8  the  harmonic  gust  content  of  the  .atmos¬ 
phere.  The  input  PSD  used  is  the  Van  Karman 
turbulence  s|x?cirum  denoted  in  Fig.  3-37.  The 
combination  of  this  gust  input  and  any  airplane 
frequency  res|X)nse  function  of  interest  yields  an 
output  PSD  function,  which.  In  turn,  provi^s  two 
basic,  statistical  parameters.  These  are  A,  the 
rms  value  of  the  output  due  to  a  unit  rms  gust  in¬ 
put  and  Nq,  the  exix?cted  number  of  output  zero 
crossings  |)er  unit  of  distance  traveled.  Diffci  ent 
us.agc  of  these  parameters  results  in  the  two 
aforementioned  analysis  methods. 


Vertlc.al  gust  Lateral  gu.st 


Mach  No. 

0.  0 

1.21 

Altitude  (ft) 

2(i,  GOO 

31,500 

W'lng  sweci)  (deg) 

4  2 

72 

Airplane  weight  (it)) 

380,000 

380,000 

(true),  (fps) 

02.  2 

58.4 

n 


The  values  of  I’,;  arc  ol)taincd  from  Fig.  3-41. 

All  of  the  limit,  incremental,  dynamic  gust  loads 
have  l)ccn  added  to  the  net  Ig  loads  and  multiplied 
l)V  1.  •')  to  obtain  the  final  results  indic.'.ted  in  I’ar. 
.i.  2.3.  1. 


The  mission  profile  apjiroach  sums  the  individual 
load  contributions  on  a  time-weighted  basis  from 
all  of  the  composite  segments  of  the  selected 
mission  profile.  The  reference  midpoints  of  the 
flight  segments  selected  for  the  pre.sent  analysis 
arc  shown  in  Fig.  3-38.  Th^applicatlon  of  this 
method  produces  the  N,,  and  A  values  for  all  rc- 
sixin.ses  and  loads  of  Interest.  Within  each 


Another  method  of  studying  airplane  response  to 
random  turbulence  is  to  obtain  actual  time  histo¬ 
ries  from  an  analog  computer.  This  aiiproach 
provides  additional  understanding  of  the  composi¬ 
tion  of  l)oth  the  gust  input  and  the  statistical  output 
of  the  digital  study.  The  random  gust  input  is  ol)- 
talned  by  shaping  the  output  of  a  white-noise  gen¬ 
erator  to  fit  the  selected  mathematical  form  of  the 
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INPUT  SPECTRUM 


atmospheric  power  spectrum.  In  addition  to  ex¬ 
ceedance  levels  and  rms  Intensities,  the  critical 
peak-load  values  are  also  available  by  this  meth¬ 
od.  Another  advantage  of  the  time  history  ap¬ 
proach  Is  that  proper  phasing  ctf  combined  load¬ 
ings  Is  Inherently  Included  in  the  analysis.  A 
sample  analog  record  from  the  vertical  gust  stu^y 
Is  shown  In  Fig.  3-42.  Although  the  various  re¬ 
sponses  occasionally  show  a  tendency  to  grow,  the 
gust  input  irregularity  constrains  any  serious 
resonance  buildup.  Comparable  analog  and  digital 
rms  values  of  vertical  acceleration  are  tabulated 
as  follows: 

RMS  g  per  unit 

_ rms  gust 

Digital  Analog 
Pilot  station  0. 034  7  0. 032  7 


In  design.  The  flight  conditions  used  In  the  dis¬ 
crete  gust  analysis  are  those  for  the  design  enve¬ 
lope  analysis.  Airplane  responses  and  load  out¬ 
puts  are  obtained  from  a  step-t^-step  digital 
solution  of  the  equations  of  motion  and  are  dis¬ 
played  by  an  automated  plotting  routine.  Com¬ 
plete  time  history  summaries  of  both  vertical  and 
lateral  discrete  giist  analyses  are  displayed  In 
Figs.  3-43  and  3-44.  The  resulting  envelopes  of 
maximum  Incremental  gust  loads  are  also  pre¬ 
sented  as  ultimate  loadings  In  Par.  3.  2. 3. 1. 

3.2.4  Dynamic  Landing 

The  load  results  and  approaches  presented  herein 
are  consistent  with  tlie  design  criteria  specified  In 
Par.  2. 2. 2.  The  results  shown  reflect  special¬ 
ized  usage  of  a  California  Engineering  Associates 
(CEA)  computer  that  simulates  the  stiffness  and 
mass  properties  of  the  real  airplane  structure  by 


Airplane  center  of  gravity  0.  0144  0. 0122 

Horizontal  tail  root  0. 0170  0. 0143 


3. 2. 3. 2. 2  Discrete  Gust  Analysis 
This  method  uses  the  same  descriptions  of  air¬ 
plane  structure  and  aerodynamic  forces  as  out¬ 
lined  for  the  power  spectral  gust  analysis.  In  this 
case,  however,  the  entire  input  spectrum  of  at¬ 
mospheric  tiurbulence  Is  represented  by  discrete 
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one-mlnus-coslne-shaped  gusts  of  constant  Inten-/^ 
sity,  which  are  then  critically  phaead  to  produce  / 
the  maximum  structural 'loadlhgln the  component  i 
under  Investigation.  The  maximum  design  gust 
magnitude  U^-,  is  selected  by  accumulated  speed- 
load-factor-altitude  (VGH)  to  ensure  that  a  new  , 
airplane  will  possess  sufficient  structural 
strength  to  withstand  Hmlt  gust  loading  throughout 
its  service.  Appropriate  values  of  ^ire  indi¬ 
cated  in  Par.  2. 1. 6  and  shown  in  Fig.  3-41.  The 
discrete  gust  approach  includes  detailed  airplane 
dynamics  and  ylelde  abeolute  load  values  lor 


IILOniAT 


ArtfUSlAGI 
vrRTICAl  ACCILIAATIOH 


ArrtnCLACi  station 

ISIO 

'■Nil  •  fcj-*- 


VCRTICALIfNDlNC  MOMENT 
AT  ruSElACE  STATION 


J  iil  ILJ  I  1  1 


Flyvr*  3-42.  Samph  Analog  Raeord,  Vortical  PSD  Gutt  Study 


V2-B2707-7 


55 


V2-B2707-7 


WEIGHT  ■  380, 000 LB 
A  le-  72 
MACH  NO.  •  1.2 
ALTITUDE  ■  31, 500  FT 
GUST  VELOCITY  -48  FT/SEC 
GUST  FREQUENCY  ■  1.54  CPS 


SAMPLE  AIRPLANE  MODAL  RESPONSES 


TIME  (SEC) 


BENDING  MOMENT  SHEAR  ACCELERATION  (IN. /SEC  ^ 

(IN. -LB  XIO'^)  (LB  XIO'^)  X 10’^) 


Figure  3-44.  Lateral  Diser*t9‘Gust  Anolytii  Timm  Historims 
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equivalent  eleotrloal  elements.  Attention  Is  paid 
to  both  main-gear  and  nose -gear  impact. 

3. 2.4. 1  Landing  Analysis  Results 
Envelope  distnoutions  of  maximum  Inore  mental 
bending  moments  and  shears  along  the  forward- 
fuselage  due  to  landing  impact  are  shown  in  Figs. 
3-45  and  3-46.  These  results  are  also  presented 
in  magnification  factor  form  in  Figs.  3-47  and 
3-48.  These  factors  are  obtained  by  dividing  the 
dynamic  analysis  loads  by  the  corresponding 
static  loads,  which  are  based  on  a  An  ^  0.  8  load 
factor  due  to  vertical  translation  only.  The  mag¬ 
nification  factors,  therefore,  reflect  the  combined 


Figure  3-47.  Dynamic  Magnification  Faclor$, 
Nosa  Down  Banding 


Figure  3-45.  Env«/op«  of  Farward'Futalaga  Banding 
Momants  Dua  la  Landing  Impact 


Figure  3-46.  Envalopa  of  Forward-Fuselage  Shears 
Due  to  L  -fading  Impact 


Figure  3-48.  Dynamic  Magnification  Factors, 
Nose  Up  Bending 


effects  of  rigid  airplane  pitch,  vertical-force  time 
history,  spin-up  drag  moment,  and  airplane  flexi¬ 
bility.  The  shaded  area  in  Fig.  3-47  shows  the 
minor  load  increase  due  to  nose-gear  impact.  As 
shown  in  Fig.  3-30,  the  landing  impact  loads  are 
critical  and  are  accounted  for  in  the  design  of  the 
major  portion  of  the  airplane  forward  fuselage. 

Summary  arrays  of  load  time  histories  are  pre¬ 
sented  for  seven  separate  landing  studies  in  Figs. 
3-49  through  3-55.  The  first  four  cases  consider 
impact  on  the  main  gears  only,  while  the  last 
three  cases  also  include  the  nose  gear.  The  lat¬ 
ter  set  permits  time  delays  of  0. 1,  0.  5,  and  3. 3 
sec  between  the  instants  of  main  and  nose  gear 
contacts.  For  the  most  critical  landing  condition 
with  the  airplane  sink  speed.  Vs  =  10  fps,  only 
the  3. 3 -sec  delay  case  is  regarded  as  reasonable. 
This  is  based  on  a  study  of  nose-gear  sink  speed, 
which  assumes  that  there  is  no  pilot  action,  and 
that  after  main  gear  contact,  the  lift  diminishes  in 
,  proportion  to  airplane  pitch  attitude  from  L  =  W 
to  L  =  0. 2W  at  nose  gear  contact.  The  resulting 
time  history  of  nose -gear  descent  rate  for  this 
extreme  condition  is  shown  in  Fig.  3-56. 
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3. 2.4. 2  Analyala  Method 
CEA  computer  utUlaation  providea  an  airplane 
aimulatlon  that  reaponda  to  externa]  electric  force 
application  Juat  aa  the  actual  airplane  reaponda  to 
the  correapondlng  mechanical  force  excitation. 
Thla  aimulatlon  Incorporatea  accurate  deacrlp- 
tlona  of  maaa  and  atlffneaa  dlatrlhutlona  and  ena- 
blea  dynamic  atuthca  to  be  made  without  the  uae  of 
analjrtlcal  equatlona.  Loada  are  monitored  at  any 
deaired  poli.t  on  the  airplane,  dlaplayec!  Indlvldu* 
ally  on  an  oacilloacope,  and  photographed.  Manu* 
al  arranftement  of  the  load  picturoa  reaulta  Iti  the 
final  aummary  array 

The  prior  determination  of  input  Kear  reaction 
forcea  and  epln-up  drag  momenta  la  accompllahed 
by  nonlinear  computer  analyaea.  The  ahape  of  the 
Kear-force  time  hiatorlea  uaed  in  the  present 
atudy  waa  obtalne<1  from  a  atud>'  on  a  prevloua 
SST  conflKurntlon.  Thla  aeparate  atudy  accounta 
for  tire  t>ehav1or,  olco  damping  characterliitica 
related  to  moterlnK  pin  contour,  alraprlnx  com- 
preaalon.  Coulomb  friction,  vibratory  reaponae  of 
the  wheel,  and  airplane  flexibility. 

Kxpanded  analyala  effort  In  Phaae  111  will  continue 
to  optimize  the  landing;  Kear  dealitn  to  provide  e.x- 
cellent  al'-plane  landing  character!  at  lea  and  mini¬ 
mize  landing  impact  loada.  The  CEA  computer 
aimulatlon  will  be  continued  to  aaaurc  accurate 
prediction  of  atructural  loada  during  landing. 

3.2.5  Taxi 

The  taxi  load  reaulta  and  approachea  dlacuaaed  in 
the  following  (iaragra[>ha  arc  conaistent  with  the 
dealgn  criteria  deacrlhed  In  Par.  2.2.  1.  These 
stixlles  Include  takeoff  runs  and  landing  rollouts 
oi,  a  8|iecific  runway  a.s  well  as  constant  s[ved 


runs  over  runways  of  different  roughness  levels.  I 
Only  representative  data  is  included  due  to  the  f 
large  volume  of  data  generated  by  modem  com-  | 
puter  analyses. 

3. 2.  5.  1  Results  of  Analysis 
Results  of  taxi  runs  at  various  speeds  over  a  very 
rough  (2-ln.  rms)  runway  are  presented  in  Figs. 
3-57  through  3-59.  Figure  3-57  indicates  the  in-l 
crementai  vertical  acceleration  environment  at 
various  airplane  locations.  The  most  severe  in¬ 
cremental  accelerations  shown  are  at  the  pilot 
station,  where  the  rms  yaiucs  are  less  than  Ig. 
Figures  3  58  and  3-59  show^The  lowTeVel  of  i^ 
crementai  i  ms  structural  loading  experienced 
during  taxi.  The  analog  record  in  Fig.  3-60 
shows  a  portion  of  the  response  time  histories 
taken  during  the  150-fps  taxi  run.  Nose  tiro  de¬ 
flection  and  aft  main-gear  force  are  included  in 
this  display.  Figure  3-61  contains  a  summary  of 
time  history  responses  that  occur  during  a  con¬ 
stant  velocity  (l50-fp8)  run  over  the  old  San  Fran¬ 
cisco  International  runway,  which  was  surveyed 
)ust  prior  to  repair.  Peak  pilot-station  vertical 
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Flgiift  J>58.  Efhcf  of  Toni  Spoo^  on  Wing  Bonding  Momonf 


aoceleratlons  In  exoeRB  of  2g  ooour  at  the  rela¬ 
tively  iharp  bumpi  assooiated  with  runway  Inter- 
aeotlona. 

Continuing  effor'  i  n  Phaae  in  will  further  Investi¬ 
gate  the  effects  o  ’'^ndlng  gear  characteristics 
and  locations  on  taxi  ^'sponBeB.  Additional  actual 
runways  (e.g.  J.  F.  K*.  I'Hy  International)  will 
be  introduced  Into  the  stuotes  to  fully  define  the 
structural  loads  and  handling  qualities  of  the 
B-2707  airplane  during  taxi. 

3. 2.  5. 2  Methods  of  Analysis 
Two  methods  of  taxi  loads  analysis  are  employed. 
One  method  (Ref.  3-4)  utilizes  digital  computing 
equipment  and  allows  Investigation  of  taxi  loads 
Induced  by  a  specific,  measured  runway.  The 
other  technique  uses  an  analog  computer  and  sub¬ 
jects  the  airplane  to  a  random -roughness  runway 
of  variable  rms  Intensity  having  a  specified  power 
spectral  density.  Both  methods  account  for  air¬ 
plane  flexibility  In  terms  of  vibration  modes  and 
Incorporate  the  nonlinear  damping  and  stiffness 


The  power  spectral  density  description  of  runway 
roughness  Is  obtained  from  Ref.  3-5.  To  deter¬ 
mine  an  appropriate  level  of  nmway  roughness 
that  will  encompass  all  taxlways  that  the  SST 
might  use,  the  rms  roughness'levels  of  numerous 
existing  NATO  runways  are  plotted  In  Fig.  3-62. 
Based  on  this  Information  a  roughness  level  of  2 
In.  rms  was  selected  as  an  extreme  condition  for 
^the  analog  study. 

3. 2.  6  Engine  Unbalance 

Estimates  of  structural  design  margins  provided 
for  possible  Incidents  of  engine  unbalance  In  nor¬ 
mal  service  are  presented  In  Figs.  3-63  through 
3-66.  Figure  3-63  shows  that  effective  engine 
frequencies  in  the  normal  operating  range  are 
well  above  the  airframe  structural  frequencies  of 
greatest  concern.  Figure  3-64  shows  estimated 
airframe  flexibility  based  on  preliminary  analyses 
of  presently  proposed  structure.  Figure  3-65 
shows  amplitude -frequency  relationships  for  an 
unsupported  engine  package  floating  In  free  space 
but  subject  to  an  oscillatory  force  Input;  that  Is, 
centrifugal  load  due  to  engine  unbalance.  Figure 
3-66  relates  centrifugal  force  and  engine  unbal¬ 
ance  for  several  values  of  engine  rpm.  Use  of 
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characteristics  of  the  landing  gears. aerody-  /  these  figures  in  combination  allows  evaluation  of 
namlc  forces  are  Included,'^:: — 1  / 
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Figure  3-64.  Airframu  Flaxibility  (EstimattJ) 

damage  potentials  associated  with  any  desired 
amount  of  engine  unbalance. 

It  can  readily  be  seen  that  structural  design  mar¬ 
gins  are  available  for  substantial  levels  of  engine 
unbalance,  that  is,  well  in  excess  of  that  associ¬ 
ated  with  blade  loss.  For  example,  consider  an 
extreme  unbalance  of  1,000  in. -lb.  From  Fig. 
3-66,  the  centrifugal  force  for  1,000  in.- lb  at  100 
percent  rpm  is  given  as  200,000  lb.  From  Fig. 
3-65,  the  single -amplitude  of  vibration  at  100 
percent  rpm  with  a  centrifugal  force  of  200,000  lb 
is  given  as  0.  007  in.  Figure  3-63  shows  that  100 
percent  rpm  corresponds  to  a  frequency  of  133 
cps,  which  is  well  above  the  primary  frequencies 
of  the  horizontal  tail  and  engine-mount  installa¬ 
tions.  Figure  3-64  shows  that  a  single -amplitude 
vibration  of  0.  007  in.  will  impose  negligible  loads 
on  the  airframe  and  engine  mount  structure. 

To  provide  another  example  (involving  critical 
phasing),  consider  an  unbalance  of  1,000  in.- lb  at 
an  engine  rpm  well  below  idle,  for  instance,  4 
percent.  In  Fig.  3-66,  the  centrifugal  force  is 


1  10  IH  1,000 


rociwcNCY  iCYOH  m  ucomi 

Figurt  3-65.  Ralationship  of  Engino  Amplitudo,  Froquoney, 
and  Contrlfugal  Fore* 

500  lb.  In  Fig.  3-63,  the  frequency  for  4-percent 
rpm  is  about  5  cps,  which  is  close  to  the 
horizontal-tail  first -torsion  frequency.  Referring 
to  Fig.  3-65  using  the  value  of  5  cps  and  a  cen¬ 
trifugal  force  of  500  lb  indicates  a  single¬ 
amplitude  of  about  0. 016  in.  Assuming  a  low- 
damped  structure  with  a  conservative 
magnification  factor  of  40  results  in  a  possible 
critically-phased  vibration  amplitude  of  0.  64  in. 
Figure  3-64  Indicates  negligible  airframe  loads 
for  a  0.  64 -in.  nacelle  motion. 

This  will  be  confirmed  by  model  test  during  Phase 
m.  The  use  of  a  wind-tunnel  flutter  model  for 
this  purpose  has  been  well  established  as  part  of 
the  707  and  727  programs.  Such  models  provide 
Inherent  (dynamic  similarity  to  the  full-scale  air¬ 
plane. 
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Figure  3-66.  Relationship  Between  Engine  Centrifugal  Force 
and  Unbalanced  Moment 


3.3  LOAD  VAUDATION 

Past,  current,  and  future  planned  tests  and  analy¬ 
ses  to  validate  structural  design  loads  for  the 
B-2707  are  presented  in  this  section.  Load  dis¬ 
tribution  comparisons  of  wind-tunnel  pressure 
data  and  basic  theory  are  shown  in  summary 
form. 

3.3.1  Pressure  Models 

Wind  tunnel  tests  of  pressure  models  are  required 
to  supply  data  to  support  the  design  approach  de¬ 
scribed  in  Sec.  3.  0.  The  following  paragraphs 
describe  the  models,  instrumentation,  and  sched¬ 
ules  for  Phase  in  and  Phase  IV  tests.  Phase  in 
models  will  be  designed  during  Phase  nC. 

3.3. 1. 1  Model  Descriptions 

The  models  will  be  0.  032  scale  and  will  be  built 
for  sting  mounting.  The  outboard  wings  will  be 
adjustable  to  three  sweep  positions.  The  nacelles 


win  be  designed  to  allow  simulation  of  the  com¬ 
plete  flow  field  by  use  of  exit  plugs,  bypass  doors, 
inlet  spikes,  and  shrouds.  The  Phase  m  models 
win  be  of  the  prototype  and  the  Phase  IV  models 
will  be  of  the  production  configuration. 

3. 3. 1.  2  Instriunentation 

The  models  will  be  instrumented  primarily  with 
pressure  orifices:  600  on  the  high-speed  models 
and  700  on  the  low-speed  models.  These  orifices 
win  be  distributed  over  the  outboard  wing,  strake, 
horizontal  and  vertical  tail,  nacelles,  and  fuse¬ 
lage  on  one  side  of  the  models.  The  nacelles  on 
the  other  side  of  the  model,  the  drooping  nose, 
and  the  model  sting  will  be  instrumented  with  four 
component  balances  that  read  normal  and  side 
loads  and  pitch  and  yaw  moments.  Diming  the  un- 
symmetric  tests,  the  vertical  tall  will  be  mounted 
on  a  three -component  balance  reading  side  force 
and  roll  and  pitch  moments. 

Internal  scanlvalves  will  sample  the  orifice  pres¬ 
sures,  and  transducer  outputs  will  be  read  by  the 
Boeing  portable  pressure  data  system.  The  force 
balance  output  will  be  read  by  the  test  facility  in¬ 
struments. 

3.  3. 1. 3  Data  Handling  and  Presentation 
The  Boeing  portable  pressure  data  system  will  be 
used  to  take  and  record  the  pressure  data.  The 
force  data  will  be  taken  and  recorded  using  the 
test  facility  instrumentation.  All  final  data  will 
be  available  on  magnetic  tape  for  documentation 
tabulation  and  for  use  with  structures  analysis 
programs. 

3.3. 1.4  Schedules 

The  testing  schedules  for  Phase  HI  and  Phase  IV 
tests  are  presented  in  Table  3-K.  Tentative  test 
dates  have  been  arranged  with  NASA-Ames  at  a 
preliminary  scheduling  meeting.  Tentative  test 
time  has  been  allocated  for  the  Convalr  low-speed 
tunnel  in  1967;  test  time  beyond  1967  will  be  ar¬ 
ranged  as  required. 

3,  3.  2  Structural  Loads  and  Temjjerature  Survey 
Safe  operational  structural  limits  will  be  estab¬ 
lished  in  Phase  ED  during  the  first  100  hr  of  flight. 
These  data  will  be  sampled  in  parallel  with  other 
planned  testing.  (Refer  to  Flight  Test  Program, 
V4-B2707-14,  Sec.  4.0.)  Strain  gage  and  ther¬ 
mocouple  data  will  be  monitored  at  a  sufficient 
number  of  locations  on  the  airplane  to  verify  gen¬ 
eral  applicability  of  design  loads  and  stress  anal¬ 
ysis.  Thermal-sensitive  paint  will  also  be  used 
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Tabu  3-K.  Prtt$ura  lAoJal  Taaf  SchaduU 


Phase  m,  Two  Models,  Four  Tests 

Test 

Tunnel 

Model 

Occupancy  hr 

Test  Date 

^mmetrical,  high  speed 

Ames  Unitary 

A 

240 

1  Jime  1967 

^m metrical,  low  speed 

Convair 

B 

120 

1  Sept  1967 

Unsymmetrical,  high  speed 

Ames  Unitary 

A 

270 

1  April  1968 

Unsymmetrical,  low  speed 

Convair 

B 

80 

1  July  1968 

Phase  IV,  Two  Models,  Two  Tests 

Test 

Tunnel 

Model 

Occupancy  hr 

Test  Date 

High  speed 

Ames  Unitary 

C 

420 

1  July  1971 

Low  speed 

Convair 

D 

120 

15  Sept  1971 

Phase  V,  No  Tests 

on  local  areas  of  the  structxire  to  determine  the 
heat  influx. 

A  flight  test  program  will  be  conducted  during 
Phase  IV  on  a  prototype  airplane  to  verify  and  re¬ 
fine  the  load  and  temperature  distributions  used  in 
design.  Such  a  program  is  required  to  provide 
the  design  optimization  and  permit  development  of 
the  total  airplane  capability.  Boeing  experience 
gained  from  similar  programs  conducted  on  sev¬ 
eral  military  and  commercial  airplanes  will  con¬ 
tribute  greatly  to  this  program.  New  techniques 
made  available  by  advanced  Instrumentation  as 
made  necessary  by  expanded  flight  envelopes  will 
be  used.  A  schedule  of  the  program  appears  in 
Fig.  3-67.  The  phase  relationship  to  other  struc¬ 
tural  testing  is  shown  In  Airframe  Design  Report 
-  Part  E,  V2-B2707-9. 

The  loads  to  be  measured  Include  both  flight  and 
ground  loads.  The  flight  loads  are  to  include 
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Fiqurm  3-67.  Flight  Loadt,  Ground  Loads,  and  Tomparatura 
Survey  SehadvU 


those  caused  by  maneuver  and  those  caused 
giists.  The  gpround  loads  will  include  both  taxi  jmd 
landing  loads.  Both  stea^-state  and  (fynamio 
loads  and  sonic  pressure  levels  are  included  in 
the  general  category  of  loads.  The  temperatures 
to  be  measured  include  internal  distributions  as 
well  as  skin  temperatures. 
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3. 3. 2. 1  Test  Conditions 
The  fllKht  program  will  consist  of  maneuver  and 
gust  flight  programs.  Flight  conditions  In  all  re¬ 
gions  of  tiw  design  V-n  envelope  will  be  Investi¬ 
gated.  Temperatures  will  be  continuously  re¬ 
corded  during  supersonic  test  runs.  A  schedule 
of  flight  test  conations  Is  shown  in  Table  3-L. 
Special  test  conditions  will  be  flown  to  check 
sound  levels  at  orltloal  locations  on  the  airplane. 

Maneuver  load  survey  test  conditions  are  listed 
In  Table  3-L.  The  test  maneuvers  are  described 
as  follows: 

a.  Roller  Coaster  Maneuvers 

These  maneuvers  will  be  Initiated  from  level,  un- 
aooelerated  flight.  A  symmetrical  pullup  to  80 
percent  of  design  positive  limit  load  factor  will  be 
followed  by  a  pushover-to-zero  load  factor,  then 
recovery  to  the  Initial  condition.  In  addition  to 
recording  basic  flight  loads  data,  strain  gage  zero 
reference  points  will  be  obtained  from  these  ma¬ 
neuvers.  Rate  of  change  of  load  factor  will  be  ap¬ 
proximately  0. 3g  per  sec. 

b.  Windup  Turns 

Loads  for  steady  maneuvers  without  pitch  accel¬ 
eration  from  n  =  1. 0  to  80  percent  of  the  limit 
positive  load  factor  will  be  obtained  by  performing 
steadily  decreasing  radius  turns. 

c.  Symmetric  Pitch  Maneuvers 
Beginning  from  level  trimmed  flight,  abrupt  pull- 
ups  and  pushovers  will  be  initiated  with  maximum 
available  control -surface  deflection  followed  by 
checkback  to  neutral.  In  no  case  will  this  maneu¬ 
ver  exceed  80  percent  of  the  design  limit  positive 
or  negative  load  factor.  Horlzcmtal  stabilizer, 
elevator,  and  aftbody  loads  as  well  as  airplane 
response  characteristics  will  be  substantiated  by 
these  maneuvers. 

d.  Rolling  Pullouts 

Loads  for  unsymmetric  conditions  will  be  obtained 
from  rolling  pullout  conditions.  The  maneuver 
begins  with  a  steady  turn  at  80  percent  of  the  limit 
positive  load  factor  for  rolling  conditions  followed 
by  a  roll  to  an  opposite  bank  angle  not  greater 
than  the  initial  bank  angle.  Load  factor  will  be 
maintained  nearly  constant.  Left  and  right  turns 
will  be  performed. 


e.  Yaw  Maneuvers 

Yaw  maneuvers  will  be  performed  at  n  ■=  1.0  with 
lateral  control  surfaces  deflected  as  necessary  to 
prevent  roll.  The  rudder  will  be  initially  deflect¬ 
ed  to  the  maximum  available.  After  steady  side¬ 
slip  is  obtained,  the  rudder  will  be  abruptly  re¬ 
turned  to  neutral.  Vertical  tall,  rudder,  and 
aftbo<ly  loads  will  be  obtained. 

f.  Unsymmetriu  Thrust  Conditions 
Various  unsymmetric  thrust  conditions,  including 
critical  engine  at  idle  power,  ^vill  be  performed  to 
verify  calculated  empennage  loads  and  airplane 
response  characteristics. 

g.  Wing-Sweep  Transition  Conditions 
Actuator  and  wing  loads  will  be  measured  during 
steady  unaccelerated  flight  at  specified  airplane 
airspeeds  and  angles  of  attack  while  the  wings  are 
being  swept  through  the  entire  range. 

h.  Transient-Temperature  Check  Conditions 
Conditions  simulating  typical  mission  climb, 
cruise,  and  descent  from  cruise  as  well  as  vari¬ 
ous  upset  maneuvers  from  cruise  Mach  number 
will  be  performed  to  check  transient  temperature 
effects. 

Gust  load  survey  flight  conditions  are  listed  in 
Table  3-L.  Test  conditions  will  be  run  with  the 
I  autopilot  on  and  off.  During  autopilot-off  tests, 
only  slow  corrections  for  major  flight -path  varia¬ 
tions  will  be  made.  Temperatures  will  be  contin¬ 
uously  recorded  during  supersonic  test  runs. 
Sustained  turbulence  records  will  be  sought  wher¬ 
ever  possible;  however  discrete  gust  encoimters 
will  be  sought  as  well.  The  data  obtained  relating 
to  continuous  turbulence  ’vlll  provide  material  for 
comparison  with  theoretical  power  spectral  re¬ 
sults.  Data  gathered  from  flight  through  discrete 
turbulence  will  enaible  correlation  with  results 
from  discrete  gust  analysis. 

The  dynamic  ground  loads  program  will  include 
landing  impact  tests  at  sink  speeds  up  to  7  fps 
with  no  appreciable  crosswind.  Crosswind  land¬ 
ings  will  be  made  at  reduced  sink  speeds.  Accel¬ 
erations  and  structural  loads  will  be  measured  for 
correlation  with  predicted  values.  Wlngs-aft 
landing  capability  will  be  demonstrated  initially  at 
a  remote  base  (Edwards  AFB)  and  later  at  an 
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Tofc/t  3-1  Flight  Survey  T»Mi  Cenditlont 


Test  Description 

Configuration 

Wing 

LE 

Sweep 

(deg) 

Altitude 

X  10-3 

(ft) 

Speed 

Range 

Umit 

Load 

Factor 

Range 

Maneuver  Load  and  Temperature  Survey 

- 1 

Pressure  distri¬ 
butions  on  flaps 
and  slats  and 
basic  load  distri¬ 
bution 

Takeoff,  climb,  ap¬ 
proach,  and  landing 

— 

30 

1 

10 

To  0.  9  X 
flap  placards 

0.4  to  1.6 

Climb  and  maneuver 

42 

10 

M  £  0.45 

0.4  to  2.0 

Holding 

30 

10 

M  i  0.45 

0.4  to  2.0 

Emergency  descent 
and  landing 

72 

10 

M  <  0.45 

0.4  to  2.0 

Basic  load  and 
temperature  dis¬ 
tributions 

Wing- sweep 
transition 

30  to  42 

10 

Ve  ^  290  kn 

1.0 

42  to  72 

10 

Ve  :£  350  kn 

1.0 

72  to  42 

10 

Ve  £  350  kn 

1.0 

42  to  30 

10 

Ve  s  290  kn 

1.0 

Clean 

42 

10 

Ve  £  438  kn 

0  to  2.0 

42 

25 

M  £  0.95 

0  to  2.0 

72 

10 

Ve  £  469  kn 

0to2.0 

72 

25 

Ve  £  492  kn 

0  to  2.0 

72 

42.5 

Ve  £  620  kn 

0  to  2.0 

72 

61 

M  £  2.90 

Gust  Load  Survey 

Gust  load  response 

Clean 

42 

10 

Vg  s  350  kn 

i.  0  ± 

42 

25 

M  £  0.90 

l.Od:  ADg 

72 

10 

Ve  £  375  kn 

1. 0  Ang 

72 

25 

Ve  £  383  kn 

1.0  ±  Ang 

72 

42.5 

Ve  s  475  kn 

1.  0  ±  Ang 

72 

61 

M  £  2.  70 

1.  0  AOg 

Acoustic  Level  Survey 

Noise  levels 

Takeoff 

30 

0 

Vg  =  200  kn 

1.  0 

Clean 

42 

10  to  18 

Ve  =  Vd 

1.0 

72 

12. 5  to  25 

Ve  =  Vd 

1.0 

72 

42.5 

Vg  =  620  kn 

1.0 
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interimtional  airport.  Otherwise,  all  landing 
teats  will  be  in  the  normal  landing  configuration. 
In  addition,  taxi,  takeoff,  and  landing  rollout  runs 
at  various  airplane  weights  and  speeds  will  be 
made.  These  particular  tests  will  verify  that  the 
airplane  has  satisf'^otory  ride  and  steering  quali¬ 
ties. 

A  noise  level  survey  test  with  various  symmetric 
thrust  settings  will  be  flown  to  check  noise  levels. 
These  conditirns  are  listed  in  Table  3-L. 

3. 3. 2. 2  Data  Requirements 
The  raw  data  measured  in  flight  test  will  be  con¬ 
sistent  in  quality  with  the  objectives  of  the  pro¬ 
gram.  The  final  reduced  data  that  are  required 
for  loads  and  temperature  verification  are  out¬ 
lined  as  follows: 

a.  General 

e  Airspeed 

e  Mach  number 

•  Pressure  altitude 

e  Outside  air  temperature 

e  Stagnation  temperature 

e  Gust  velocity  and  direction 

•  Angles  of  attack,  sideslip,  and  bank 

•  Pitch,  roll,  and  yaw  rates 

•  Control  forces  (pilot's) 

•  High-lift  and  control-surface  positions 

•  Throttle  settings 

•  Accelerations  at  several  body,  wing,  tail 

stations,  and  engine  locations 

•  Gear  position 

•  Droop  nose  position 

•  Gross  weight,  fuel  distribution,  and  center  of 
gravity 

•  Wing  sweep  posit' on 

•  Time  correlation  and  event  marker 


b.  Loads 

(1)  Wing 

Beam  shear,  moment,  and  torsion  at  several 
stations  on  the  left  wing  and  one  station  on  the 
right  wing 

Left-wing  pivot  beam  and  chord  loads  during 
holding  and  actuation 

Left-wing  actuator  loads 

Control-surface  actuator  loads 

Flap  and  slat  pressure  distribution 

Flap  and  slat  attachment  and  actuator  loads 

Left  wing  strake  to  fuselage -junction  vertical 
shear  and  moment  distributions 

Some  wing  and  strake  surface  pressures 

(2)  Horizontal  Tail 

Vertical  shear,  moment,  and  torsion  at  sev¬ 
eral  stations  on  left  side  and  one  station  on 
r'gni  side 

Elevator  and  elevon  actuator  and  attachment 
loads 

(3)  Vertical  Tall 

Beam  shear,  moment,  and  torsion  at  several 
spanwise  stations 

Rudder  actuator  and  attachment  loads 

(4)  Fuselage 

Vertical  and  lateral  shear  and  moment  at 
several  stations  on  forward  fuselage 

Vertical  shear,  lateral  shear,  vertical  mo¬ 
ment,  lateral  moment,  and  torsion  at  several 
stations  on  aftbody 

Nose-boom  gust  angle  of  attack 

(5)  Propulsion  Pod 

Vertical  and  lateral  load,  pitching  moment, 
and  yawing  moment  on  each  left  side  pod 
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•  Internal  and  external  pressures  on  Inlet  and 
pod 

•  Variable  Inlet  actuator  load  and  position 
(6)  Miscellaneous 

a  Wing-tail  interconnect  loads 

a  Airspace  cavity  pressures 

a  Landing  gear  and  actuator  loads 

a  lading -gear  door  pressures 

c.  Temperatures 

Structural  temperature  requirements  for  super¬ 
sonic  test  conditions  during  the  maneuver  and  gust 
load  surveys  in  general  coincide  with  the  forego¬ 
ing  load  requirements.  Thermosensitive  paint 
will  be  used  to  survey  potentially  critical  areas. 
Sufficient  thermocouple  recordl^s  will  be  provid¬ 
ed  to  verify  the  design  temperatures.  Tempera¬ 
ture  measurements  will  be  obtained  for  the  long- 
cruise,  steady-state  conditions,  as  well  as  for 
climb  and  descent  gradient  conditions.  Airspace 
cavities  throughout  the  airplane  will  be  instru¬ 
mented  with  thermocouples. 

d.  Noise  Levels 

Sound  measurements  will  be  made  with  sufficient 
density  of  instrumentation  so  that  acoustic  pres¬ 
sure  contour  maps  can  be  substantiated.  Sound 
generated  aerodjmamlcally  and  by  the  engines  are 
of  interest. 

3 . 3 .  2 .  3  Instrumentation 

Flight  loads  will  be  measured  using  a  combination 
of  pressure  transducers  and  fully  calibrated 
strain  gages. 

Temperature  measurements  will  be  made  with 
thermocouples  and  temperature  indicating  paints, 
which  will  be  placed  at  each  load  measurement 
station  and  at  other  locations  of  Interest. 

Sound  measurements  wi'l  be  obtained  by  remote 
pickups  through  orifices  drilled  through  the  outer 
skin. 

3.3.2.-I  CalibraUon 

Load  measuring  strain  gages  will  be  calibrated  by 
determining  responses  to  applied  calibration 
loads.  The  technique  outlined  in  Ref.  3-8  will  be 
used.  Maximum  calibration  loads  will  correspond 
to  loads  expected  to  occur  during  flight  load 


survey.  Pressure  transducers  arlU  be  calibrated 
by  applying  a  known  pressure  and  reading  the  re¬ 
sponse.  All  instrumentation  will  be  temperature 
compensated. 

Concurrent  with  the  strain  gage  calibration,  a 
check  on  stnictural  flexibility  influence  coeffi¬ 
cients  will  be  made.  The  results  will  be  com¬ 
pared  with  theoretically  determined  coefficients 
used  in  design.  This  effort  will  require  a  very 
accurate  method  of  determining  structural  slopes 
and  deflections  and  very  accurate  measurement  of 
the  applied  loads. 

3.  3.  2.  S  Data  Reduction  and  Presentation 
In  general,  flight  recordings  will  be  made  of  basic 
instrument  responses,  and  conversion  to  time- 
correlated  load  data  by  digital  computer  process¬ 
ing  will  be  performed  at  the  ground  station. 

Ground  station  equipment  will  be  capable  of  pro¬ 
ducing  strip  charts  to  allow  on-the-spot  nrtonltor- 
ing  of  the  data. 

Load  data  for  gust  load  survey  conditions  arlll  be 
presented  as  peak  count  and  cycle  count  summa¬ 
ries. 

3.  3. 3  Airload  Distribution 
A  measure  of  the  accuracy  of  the  theoretical  load 
distribution  method  described  in  Par.  3.  2. 1  is  il¬ 
lustrated  by  comparing  theoretical -versus - 
experimental  wing-span  load  distribution  for 
wind-tunnel  pressure  model  tests  conducted  dur  • 
Ing  Phase  II .  The  two  model  tests  are  described 
in  Par.  3.3.3.  1 ,  and  the  comparison  with  theory 
is  presented  in  Par.  3.  3.  3.  2. 

3.  3.  3.  1  Pressure  Model  and  Test  Description 
The  TA  569P-1  model,  shown  in  Fig.  3-68,  was 
tested  in  the  Boeing  Transonic  Wind  Tunnel 
(BTWT  871)  in  November  1964.  The  variable- 
sweep  model  is  0.  038  scale  and  contains  218 
pressure  taps,  152  on  the  wing  and  66  on  the 
strake.  The  test  included  Mach  numbers  from 
0. 4  to  0.  93,  angles  of  attack  between  -7  to  19 
deg,  and  wing  sweep  positions  of  15  through  74 
deg.  The  configurations  tested  included  ripper - 
and  lower-surface  spoilers  fully  deflected.  Model 
pressure  distributions  and  total  model  force  data 
were  taken. 

The  TA  885P-1  model  shown  in  Fig.  3-69  was 
tested  In  the  Ames  Unitary  Wind  Tunnel  in  August 
1965,  The  fixed  wing  (  Ale  “  0.032- 

scale  model  of  the  733  -290  proposal  configuration 
contains  335  pressure  taps;  172  on  the  wing,  103 
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on  the  straket  and  60  on  the  botfy.  The  test  cov¬ 
ered  the  Mach  number  range  of  0. 60  to  3. 2  in  the 
three  legs  of  the  Ames  Unitary  Wind  Tunnel.  The 
symmetric  flight  angle-of -attack  range  was  -9  to 
+19  deg;  side-slip  angles  of  +5  and  -5  deg  were 
tested  for  an  angle-of-attack  range  of  -1  to  +15 
deg.  Spoiler  deflections  of  one  half  and  full  were 
tested  over  a  reduced  Mach  number  series.  Mod¬ 
el  pressure  distributions,  as  well  as  tail  and  na¬ 
celle  force  data,  were  recorded. 


Figure  3-68.  TA-569P-J  Prtssur*  Uod»l 
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Figuf  3-69.  TA-885P-1  Prtssurt  Modul 


3. 3.  3. 2  Comparison  of  Theory  and  Experiment 
Comparisons  of  theoretical  and  experimental  nor¬ 
mal  force  distribution  (CCn)  and  patching  moment 
distribution  (C^Cmlj.)  along  the  wing  semispan 

are  shown  in  Figs.  3-70  through  3-77.  The  wing 
forward  (30-deg  sweep)  and  wing-intermediate 
(42-deg  sweep)  configurations  are  analyzed  at 
subsonic  Mach  numbers  using  the  TA-569P1 


Figuf  3-70.  Mod*/  TA-569P-J,  Airload  Distribution, 
30-O*gr**  Wing  Loading-Edgo  Swoop 
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Figure  3-71.  Model  TA-569P-?,  Airload  Distribution, 
42-Degree  Wing  Leading-Edge  Sweep 


Figure  3-72.  Model  TA-885P-1,  Airload  Distribution 
Subsonic  Low  Angle 


Figure  3-73.  Model  TA-885P-1,  Airload  Distribution 
Subsonic  High  Angle 
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Figurt  3-76.  tAodtl  TA-88SP-1 ,  Airload  Distribution,  Suporsonie  Low  Anglo 
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Figuro  3-74.  Hodol  TA-885P-1,  Airload  Distribution 
Transonic  Low  Anglo 


Figuro  3-75.  Modol  TA-885P-I,  Airload  Distributio 
Transonic  High.  Anglo 


Figure  3‘77.  Mo^t/  TA-885P-1,  Aiflood  Distribution, 
Suportonic  High  Anglo 


variable -sweep  pressure  model  for  comparison. 
The  wlng-aft  (72-deg  sweep)  configuration  is  ana¬ 
lyzed  at  subsonic,  transonic,  and  high-supersonic 
Mach  numbers,  using  the  TA-885P1  fixed-wing 
pressure  model  for  comparison.  In  each  case  the 
theoretical  and  experimental  total  tail -off  lift  co¬ 
efficients  are  equalized. 

The  comparisons  indicate  that  the  theoretical 
method  matches  the  experimental  data  in  the 
low-angle -of-attack  range.  Where  these  compar¬ 
isons  show  disagreement,  theoretical  results  pro¬ 
duce  conservative  loadings.  Deviations  are  at¬ 
tributed  to  nonlinear  flow. 

3.4  RIDE  COMFORT 

The  effect  of  the  loads  (outlined  in  Par.  3.  3. 2.  2) 
on  passenger  ride  comfort  and  on  the  ability  of  the 


crew  to  perform  the  assigned  mission  is  dis¬ 
cussed  in  the  following  paragraphs  under  the  sep¬ 
arate  but  related  topics  of  turbulence-induced  ac¬ 
celeration  environment  and  the  resulting 
subjective  response  to  this  environment. 

3.4,1  Acceleration  Environment 
Figure  3-78  compares  estimated  acceleration 
levels  for  the  B-2707  rflaH5e=Wthe  B-70  and 
B-58  airplanes.  The  B-70  and  B-58  data  shown 
are  for  side-by-side  gust  exposiure  at  the  same 
airspeed  and  clearly  support  the  rough-ride  expe¬ 
rience  reported  for  the  B-70.  By  comparison, 
the  B-2707  estimates  are  shown  to  be  more  favor¬ 
able  for  the  72-deg  wing  sweep  position  than  for 
even  the  smooth-riding  B-58.  In  the  42 -deg  wing 
position,  the  B-2707  estimate  is  shown  to  ap¬ 
proach  ^ut  remain  less  than)  the  Model  707  esti¬ 
mate,  although  exceeding  the  B-58  ride  level. 
Partial  confirmation  of  the  foregoing  comparisons 


Figuro  J>78.  Rolativo  Rotponso  to  Turbulonco  of  B.2707 
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are  offered  by  Fig.  3-79,  which  shows  the  product 
of  lift  curve  slope  (Ct  )and  reference  area 
(Sre?)  B-2707  wd  a  typical  delta  SST 

configuration.  This  sort  of  comparison  assumes 
a  common  airspeed  but  does  illustrate  the  greater 
advantage  of  increased  wing  sweep. 

In  view  of  the  greater  B-70  fuselage  flexibility 
relative  to  previous  airplanes  and  the  even  great¬ 
er  fuselage  flexibility  for  the  B-2707,  an  under¬ 
standing  of  the  higher  incremental  gust  accelera¬ 
tions  recorded  for  the  B-70  is  desirable. 
Coordination  with  FAA,  NASA,  and  NAA  is  pres¬ 
ently  underway  in  order  to  develop  a  full  un^r- 
standlng  of  the  B-70  ride.  Continuation  of  the 
B-70  program  is  expected  to  provide  the  neces¬ 
sary  understanding:  however  a  reasonable  expla¬ 
nation  would  appear  to  lie  in  structural  excitation 
by  the  canard  lifting  surface  in  response  to  direct 
gust  inputs  to  the  canard.  Such  excitation  feeds 
forward  to  the  crew  compartment  very  readily  but 
also  feeds  rearward  to  the  airplane  center  of 
gravity  due  to  the  somewhat  aft  canard  location. 
This  explanation  is  consistent  with  the  B-70  ac¬ 
celeration  data  shown  in  Fig.  3-78  for  both  pilot's 
station  and  center  of  gravity. 

Low  damping  in  the  third  elastic  mode  may  well 
contribute  to  the  higher  B-70  accelerations.  As 


Figure  3-79.  R»lativ0  Ridt  Qualities  of  B-2707  and 
Typical  Dalta  Configuration 


shown  in  Fig.  3-80,  the  B-70  third  elastic  mode 
consists  of  a  forebody  nodding  motion  and  hardly 
any  lifting  surface  motion  (1.  e.  aeroctynamlc 
damping).  In  contrast,  it  is  of  Interest  to  note 
that  the  B-2707  modes  (Fig.  3-81)  all  show  sub¬ 
stantial  amounts  of  lifting  surface  motion,  and 
thus,  all  possess  favorable  damping  levels.  It  is 
also  of  Interest  to  note  that  increased  flexibility 
alone  would  not  be  expected  to  increase  the  accel¬ 
eration  environment  since  the  increased  fuselage 
deflection  associated  with  greater  flexibility  is 
offset  heavily  by  reduction  in  body-bending  fre¬ 
quency.  Additional  B-70  testing  is  expected  to 
support  this  overall  view.  It  should  be  noted  from 
the  specific  data  shown  in  Fig.  3-78  that  only  mild 
turbulence  encounters  are  involved  in  the  B-70 
and  B-58  data  shown;  that  is,  the  B-58  level  is 
under  0. 2g  incremental. 

Airframe  flexibility  effects  on  acceleration  envi¬ 
ronment  are  provided  by  Figs.  3-82  and  3-83. 


Figura  3-80.  Natural  Vibration  Charaetarittict, 
XB-70  (Light  Weight  Condition) 
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Figure  3~81.  Natural  Vibration  Characteristics,  6-2707 
(Light  Weight  Condition) 


Figure  3-82  shows  the  variation  In  acceleration 
level  along  the  fuselage  from  nose  to  tail  based  on 
power  spectral  analyses  along  the  representative 
trip  profile  shown  in  Fig.  3-84.  Flexibility  is 
shown  to  increase  acceleration  levels  primarily  in 
the  forward  fuselage;  much  of  the  p>assenger 
area  shows  a  relatively  similar  environment. 

The  climb  and  descent  environments  approach 
the  707  environment  but  a  very  much  improved 
environment  is  indicated  for  supersonic  cruise 
due  to  the  favorable  effect  of  wing  sweep  on  lift 
sensitivity  and  the  reduction  in  basic  gust  envi¬ 
ronment  at  high  altitudes.  Figure  3-83  compares 
total  trip  exposure  for  the  B-2707  and  707  air¬ 
planes.  The  B-2707  is  shown  to  have  a  signif¬ 
icantly  lower  acceleration  environment  on  this 
overall  statistical  basis  as  well. 


Figure  3-82.  Relative  Acceleration  Environment  Along  the 
Fuselage  (B.2707) 


Figure  3-83.  Relative  Acceleration  Exposure, 
Entire  Trip 
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Representative  transfer  functions  at  the  pilot's 
station,  airplane  center  of  gravity,  and  most 
rearward  passenger  station  are  shown  in  Fig. 

3-85  for  \dngs  aft  with  SAS  fully  effective.  Cor¬ 
responding  output  spectrum  for  the  same  condi¬ 
tions  is  shown  in  Fig.  3-86.  This  display  more 
clearly  emphasizes  the  relative  role  played  by 
airplane  pitching  and  airframe  elasticity  on  the 
acceleration  environment  at  the  various  fuselage 
stations.  Elasticity  is  shown  to  have  a  relatively 
greater  effect  in  the  forward  fuselage  than  in 
the  aftbody. 

3.4.2  Subjective  Response 
7  The  increased  airframe  flexibility  of  the  B-2707 
C  7  will  provide  a  considerably  Improved  ride  for  both 
^  ^  flight  crew  and  passengers  when  compared  to 
present  subsonic  jet  transports  subjected  to  the 
same  gust  environment.  This  appraisal  is  well 
supported  by  the  comparative  simulator  study 
conducted  in  January  1965  on  the  NASA-Ames 
Height  Control  Apparatus  (Fig.  3-87).  Experi¬ 
enced  pilots  (Boeing,  NASA,  and  FAA)  were  sub¬ 
jected  to  both  a  representative  SST  simulation  and 
a  typical  subsonic  jet  simulation  and  asked  to 
comment  on  the  relative  disturbance  associated 
with  the  elastic  frequencies.  The  opinion  was 
unanimous  in  favor  of  the  SST  because  of  the  less 
disturbing  influence  of  the  lower  SST  fuselage  fre¬ 
quency.  While  elastic  motions  were  larger  for 
the  SST,  the  motions  remained  small  enough  so 
that  acceleration  environment  was  the  predomi¬ 
nant  factor;  the  motion-sickness  level  was  not 
approached. 

The  foregoing  simulator  findings  are  also  sup¬ 
ported  by  Fig.  3-88,  which  shows  human  reactior 
to  sinusoidal  accelerations  at  varying  frequency 
as  obtained  from  laboratory  testing.  As  shown, 

,  tolerance  of  acceleration  exposure  is  greater  for 
1  cps  (the  approximate  lowest  B-2707  fuselage 
V  bending  frequency)  than  for^  cps  (a  typical  sub- 
'W  sonic  jet  fuselage  bending  fr^uency).  The  simu¬ 
lator  evaluation  was  based  on  a  gust  environment 
having  randomness  shaped  to  power  spectral  form 
rather  than  based  on  sinusoidal  gusts  of  varying 
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TIME  (HOURS) 

Figurt  3-84.  Rtprtstnfafivt  Trip  Prodit  (B-2707) 

frequencies.  It  is  interesting  to  note  that  the 
simulator  evaluation  displayed  the  same  trend  of 
structural  frequency  change  in  the  1-  to  4 -cps  re¬ 
gion  as  exhibited  by  the  sinusoidal  data  presented 
in  Fig.  3-88. 

Additional  moving-base  simulator  studies  are 
planned  for  Phase  in  to  further  investigate  elastic 
frequency  effects.  These  additional  studies  will 
investigate  the  possible  effects  of  low  damping  in 
elastic  modes  and  possible  methods  to  improve 
damping  if  significant  effects  prove  to  exist. 
Wichita  flight  test  programs  presently  being  per¬ 
formed  on  the  B-52  under  Air  Force  Contracts  AF 
34(615)-3753,  Load  Alleviation  and  Mode  Stabili¬ 
zation  Program,  and  AF  34(601)-25146,  Stability 
Augmentation  System  for  Improved  B-52  Structur¬ 
al  Life ,  are  expected  to  provide  early  information 
on  the  feasibility  of  structural  damping  augmenta¬ 
tion. 
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5.0  FLUTTER 

Subsonic  and  supersonic  flutter  analyses  and  sub¬ 
sonic  wind-tunnel  flutter  tests  of  the  complete 
airplane  have  been  accomplished.  These  inves¬ 
tigations  have  been  supported  by  extensive  para¬ 
metric  flutter  studies  of  major  components. 

Figures  5-1  and  5-2  present  airplane  flutter 
boundaries  for  the  42 -deg  and  72 -deg  wing  sweep 
positions  based  on  minimum  envelopes  developed 


Fif~r»  5-1.  Minimum  Flutter  Boundary,  Comploto  Airplano,  42-Dogroo  Wing  Loading~Edgo  Swoop 


Figure  5-2.  Minimum  Fluttor  Beundarlot,  Comploto  Airplano,  72J)«gr«t  Wing  Loading-Edgo  Swoop 


from  a  composite  of  complete-airplane  and  para¬ 
metric  study  data.  The  B-2707  airplane  meets 
the  1. 2  Vq  design  goal  for  flutter  at  42  deg  and 
with  the  wing  locked  at  72  deg.  During  the  inter¬ 
val  of  sweeping  the  wing  from  42  deg  to  72  deg, 
and  until  the  wing  and  horizontal  tail  are  locked, 
the  speed  envelope  of  42  deg  should  be  observed. 
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5. 1  COMPLETE  AraPLANE 

Flutter  analyses  and  wind-tunnel  tests  of  the  com¬ 
plete  airplane  were  conducted  for  the  subsonic 
speed  regime.  In  addition,  flutter  analyses  have 
been  made  for  the  supersonic  case.  Summary 
results  are  shown  in  Figs.  S-3  and  5-4.  Analy¬ 
tical  results  are  indicated  by  continuous  lines; 
test  points  are  scaled  to  airplane  values  from  the 
wind-tunnel  model  data.  Satisfactory  speed  mar¬ 
gins  are  indicated  throughout  the  operational 
altitude  range. 

5.1.1  Computer  Analysis 

The  analyses  were  conducted  for  the  operatlng- 
empty-welght  condition  since  previous  wing  anal¬ 
yses  and  wind  tunnel  tests  have  shown  it  to  be  the 
most  critical  condition.  Symmetrical  and  anti- 
symmetrical  flutter  conditions  were  analyzed  for 


42 -deg  wing  sweep  subsonlcally  and  both  42-  and 
72-deg  wing  sweep  supersonically.  Analyses  are 
of  the  modal  type.  The  symmetric  cases  con¬ 
tain  19  deg  of  freedom:  4  fuselage  vertical  bend¬ 
ing,  4  wing  bending,  3  wing  torsion,  3  stabilizer 
bending,  3  stabilizer  torsion,  and  rigid-airplane 
vertical  translation  and  pitch  modes.  The 
antisynunetric  cases  contain  28  deg  of  freedom: 

5  fuselage  side  bending,  3  fuselage  torsion,  4 
wixig  bending,  3  wing  torsion,  3  stabilizer  bending 
3  stabilizer  torsion,  2  fin  bending,  2  fin  torsion, 
and  rigid-airplane  side  translation,  yaw,  and  roll 
modes.  In  determining  the  degrees  of  freedom  to 
be  included  in  the  analyses ,  a  cutoff  frequency  of 
13  cps  was  chosen  above  which  little  or  no  partici¬ 
pation  could  be  expected  in  any  potentially  serious 
flutter  mode.  All  modes  having  frequencies 
belcw  this  value  were  then  Included.  The  elastic 
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Figur*  5-3.  Flutter  Summary,  42’Dagraa  Wing  Laading-Edga  Swaap 
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Figurt  5-4.  Fluttar  Spaad  Summary,  72-Dagraa  Wing  Loading  Edgo  Swoop 
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Figure  S-32.  iup*ttonit  Wing  Flutter  Tntt  Omtm 
Hevnmktf  1965 


FRACTION  OF  SEMISPAN 

Figurm  5-34.  B-2707  Horitontal-Tail  Sti(in*»$ 


Figutn  5-JJ.  5vp*rt*nit  Wing  Flyftnt  Tttf  Dmtm  Aptil  1966 


NACFLll  CfNTER  OF  GRAVITY  LOCATION  iPfRCFNT  lOCAi  CmO«Di 

Figvrw  5-35.  Symiigmn  HoritnnHi-Tnil  Tngt 
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TmkU  S*A.  H»ritontol-Toll  Coitflguroti0n  ComparlMon 
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Table  5-B»  Comparison  of  Flutter  Speeds 


Surface 

Flutter  Speeds 
iknotsl 

Configuration 

Aspect 

FJatio 

LE 

Sweep 

Angle 

(deg) 

Taper 

Ratio 

Ref.  5-1 
Aero 
Theory 

Ref.  5-3 
Aero 
Theory 

Model 

Test 

Data 

-362,  Fin  No.  1 

1.12 

55 

0.254 

375 

485 

475 

500 

-362,  Fin  No.  2 

1.04 

50 

0.202 

335 

525 

505 

530 

-362  horiz  plus 
aftbody  (rot. 
freq  =10  cps) 

0.  98 

(0.  5  span) 

50 

0.210 

365 

530 

570 

-362  horiz  plus 
aftbody  (no  rot. 
freedom) 

0.98 

50 

0.210 

355 

555 

570 

Figure  5-38.  Semispan  Subsonic  Horizontal-Tail  Model 


Figure  5—39.  Supersonic  V/ing  and  Horizontal -Tail 
Flutter  Model 
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axis  concept  was  used*  in  determining  the  flexible 
mode  shapes  and  frequencies;  however,  the  effect 
of  the  shape  of  the  elastic  axis  was  taken  into 
account  (that  is ,  the  mode  shapes  reflect  the 
effects  of  a  bent  elastic  axis  in  each  component  in 
which  it  occurs). 

The  two-dimensional  strip  theory  (Ref.  5-1)  was 
used  to  represent  the  oscillatory  subsonic  air¬ 
forces  for  the  42-deg  wing  sweep  angle.  Some 
compromise  in  the  airforce  representation  of  the 
forward  strake  area  results  from  limitations  of 
this  theory;  however,  this  has  proven  to  be  of 
little  significance  in  flutter  studies  of  previous 
configurations  for  which  comparisons  of  theoret¬ 
ical  and  test  results  have  been  excellent.  Piston 
theory  airforces  of  Ref  5-2  were  used  to  repre¬ 
sent  ^e  oscillatory  supersonic  airforces  for  both 
the  42-  and  72-deg  wing  sweep  angles. 

The  solutions  to  the  flutter  equations  were  obtained 
using  an  IBM  7094  computer.  Figure  5-5  pre¬ 
sents  results  of  the  supersonic  analysis  of  the 
42-deg  wing  sweep  condition  in  terms  of  flutter 
dynamic  pressure  variation  with  Mach  number  for 
the  symmetric  and  antisymmetric  cases.  Figure 


Figure  5-5.  Supersonic  Flutter  Analysis  Results, 
42-Degree  Wing  Leading-Edge  Sweep 


5-6  presents  results  for  the  72-deg  wing  sweep 
condition.  These  results  are  valid  down  to  M 
1.6,  which  is  a  reasonable  lower  limit  of  applica¬ 
tion  for  piston  theory  aerodynamics. 

Figure  5-7  presents  the  results  of  the  subsonic 
analysis  of  the  42-deg  wing  sweep  configuration 
in  terms  of  variation  of  flutter  speed  with  altitude 
for  the  symmetric  and  antisymmetric  conditions. 
These  results  include  modifications  to  account 
for  aspect  ratio  and  compressibility  effects.  (The 
curves  are  extrapolated  beyond  M  1.0  only  to 
show  trends.) 

Typical  plots  of  critical  velocity  versus  damping 
(V-g)  are  shown  in  Figs.  5-8  throu^  5-11  for 
selected  conditions  to  illustrate  the  slope  of  the 
V-g  lines  at  crossover  and  to  show  the  number 
and  relationship  of  the  more  critical  flutter 
modes. 

5.1.2  Subsonic  Tests 

Wind-tunnel  flutter  tests  were  conducted  during 
August  1966  on  a  0.05-scale  complete  airplane 
model  of  the  B-2707  configuration  in  the  Convair 
8-  by  12-ft  low-speed  tunnel.  Test  results  for 


Figure  5-6.  Supersonic  Flutter  Analysis  Results, 
72-Degree  Wing  Leading-Edge  Sweep 
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the  nominal  configuration  are  summarized  In 
Fig.  5-12.  The  wing,  fuselage,  and  empennage 
surfaces  were  all  dynamically  scaled.  Figures 
5-13  through  5-16  show  the  construction  of  the 
model  and  the  vibration  test  setup  and  wind  tunnel 
Installation.  As  shown,  the  subsonic  model  con¬ 
struction  consisted  of  segmented  aerodynamic 
shells  attached  to  a  single  aluminum  spar  repre¬ 
senting  stiffness  along  the  elastic  axis  of  each 
component.  The  wing  permitted  sweep  change  in 
5-deg  increments  from  22  to  72  deg  with  pro¬ 
vision  for  simulating  trailing -edge  extension. 

A  shear  attachment  between  the  stabilizer  and  the 
fully  swept  wing  was  provided  at  57-percent  wing 
span  to  simulate  wing-tail  Interconnect.  (See 
Fig.  5-17.)  Model  variations  In  wing  and  stabi¬ 
lizer  stiffnesses,  fuel  distributions,  and  nacelle 
chordwlse  positions  were  tested. 

Figure  5-18  shows  the  variation  of  flutter  speed 
of  the  empty  wing  with  wing  sweep.  The  flutter 
mode  is  predominantly  outboard  wing  bending  and 


Figuf  5-7.  Subtonic  Flutfor  Analytit  Rotulft, 
42-Dogroo  ^ing  Loading-Edgo  Swttp 
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Figuro  5-9.  V-g,  Wing  Subtonic  Antitymmotrical  Anolytit, 
42‘Dogroo  Wing  Ltading-Edgo  Swoop 
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Figure  5-13.  Subsonic  Flutter  Model  Construction 


Figure  5-15.  Vibration  Test  Setup 


Figure  5-16.  Subsonic  Vlind-Tunnel  Test  Installation 
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FLUnER  SPEED  (KNOTS  TRUE  AIRSPEEOI 


Figure  5-17.  Subsonic  Flutter  Model, 

Wing-Stabilixer  Interconnect 


WING  LEADING  EDGE  SWEEP  (DEGREES! 

Figure  5-18.  Wing  Flutter  Speeds,  Empty 


torsion.  Trailing-edge  extension  with  the  wing 
in  the  forward  sweep  position  lowers  the  flutter 
speed  significantly;  however,  the  1.2  Vq  boundary 
for  flutter  is  maintained  at  the  minimum  clear¬ 
ance  position  of  42-deg  sweep.  The  flutter  fre¬ 
quency  is  approximately  4.4  cps  with  trailing 
edge  extensions  and  5.5  cps  without  extensions. 

Figure  5-19  shows  the  variation  of  flutter  speed 
with  wing  sweep  for  the  full  wing.  For  sweeps 
less  than  72  deg,  the  flutter  speeds  are  higher 
than  those  of  the  empty  wing.  The  mode  is  stUl 
outboard  wing  bending  and  torsion  with  the  fre¬ 
quency  in  the  range  of  4. 0  to  4.  7  cps.  However, 
at  72 -deg  sweep,  a  coupling  between  wing  and  tail 
develops  for  the  unlocked  condition  resulting  in  a 
low-frequency  flutter  mode  (1. 2  cps)  with  substan¬ 
tial  reduction  in  speed  to  510  kn  true  airspeed 
(TAS).  Flutter  speeds  are  improved  markedly 
with  the  removal  of  a  small  amount  of  fuel  from 
the  tip  region  of  the  outboard  wing.  Fig.  5-20. 
Thus ,  for  maximum  wing  fuel  in  flight  for  the 
72 -deg  wing  sweep  position,  unlocked,  the  flutter 


Figure  5-/9.  W/ng  Flutter  Speeds,  Full  Outboard  Wing 
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Fifuf  5-20.  £F/«cf  oF  Outboard  Wing  FunI  on  Fluttor  Spood 

speed  Is  Increased  to  740  kn  TAS  at  20,000  ft. 
Locking  the  wing  and  tall  together  effectively 
prevents  the  low-frequency  coupling  and  results 
in  a  further  increase  in  speed  to  8G0  kn  TAS  at 
20,000  ft  for  the  full  wing.  (See  Fig.  5-19.) 

Figure  5-21  shows  the  effect  of  wing  stiffness 
variation  on  flutter  speeds.  The  outboard  wing 
flutter  speeds  increase  in  conventional  fashion 
with  increased  stiffness.  The  low-frequency 
flutter,  however,  shows  a  reversal  of  speed  with 
stiffness,  the  nominal  spar  giving  the  lowest 
speed  and  indicating  a  frequency  tuning  charac¬ 
teristic  of  the  motle. 

The  nominal  horizontal  tail  and  fin  were  tested 
to  speeds  well  in  e.xcess  of  1. 2  Vq  on  the 
complete-airplane  model  without  encountering 
flutter.  The  horizontal  tail  with  75  percent  of 
nominal  stiffness  fluttered  on  the  complete- 
airplane  model  at  speeds  scaling  to  1.27  Vq  or 
greater  for  both  empty  and  full  fuel  conditions. 
The  tail  surfaces  were  tested  separately  on  a 
cantilever  support,  and  the  results  are  reported 
in  Pars.  5.  2. 2  and  5.  2. 3. 

5.1.3  Transonic  Tests 

A  full-span  0.05-scale  transonic  flutter  model  is 


I  ODD 


HO 


MB 


ts  MB 


?0D| 


H  ao  in  160 

STIIIMSS  IPdICINTI 

Figuto  S-2h  EffocI  of  Wing  StiffnoMS  on  Fluttor  Spood 

being  fabricated  in  preparation  for  flutter  test 
in  the  NASA-Langley  16-ft  Transonic  Dynamics 
Tiumel  beginning  26  September  1966.  The  test 
will  be  performed  with  two  models:  a  rigid  model 
to  check  the  stability  of  the  airplane  configuration 
on  the  NASA -developed  cable  support  system  in 
the  tunnel  and  a  dynamically  scaled  flutter  model, 
which  will  be  tested  at  42-  and  72 -deg  wing  sweep 
angles  with  zero  fuel  and  payload.  Figures  5-22 
and  5-23  show  construction  of  model  components 
in  the  wind  tunnel  shop. 

Additional  flutter  model  testing  and  analysis  is 
planned  for  Phase  HI  to  fully  verify  the  prelimi¬ 
nary  findings  discussed  under  Par.  5.1. 

5.2  MAJOR  COMPONENTS 
The  studies  of  this  section  are  principally  trend- 
oriented  to  evaluate  off-nominal  design  varuibles 
and  establish  design  sensitivities.  This  approach 
is  taken  to  make  efficient  use  of  computer  and 
wind-tunnel  test  time.  Both  analytical  and  wind- 
tunnel  test  parametric  investigations  of  flutter  are 
presented. 

5.2.1  Wing  Flutter 

Semispan  flutter  studies  of  the  wing  have  employed 
slender-beam  theory  to  compute  mode  shapes. 

The  nominal  bending  and  torsional  stiffness  dis¬ 
tributions  are  shown  in  Fig.  5-24.  The  vibration 
modes  included  first  bending  and  torsion  of  the 
wing  inboard  of  the  pivot  and  three  bending  and 
two  torsion  modes  of  the  outboard  wing.  The 
following  aerodynamic  theories  were  used; 
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Figure  5-22.  Transonic  Flutter  Model  Stroke  Construction 

Leading -edge 

Mach  sweep  angle  Reference 

range  (deg)  Theory  No. 

30  to  42  2-D  incompres-  5-1 

sible  and  Mach 
correction  fac¬ 
tors 


0  to  30  to  55 
0.9 


1.4  to  55  to  72 
2.0 


Subsonic  Kernel-  5-3 
Function  IRho 
airforces) 

Supersonic  5-4,  5-5 

Kernel - 
Function  'TMach 
Box" 


In  Fig.  5-25,  relative 'dynamic  pressure  (q)  at 
flutter  versus  Mach  number  is  presented  in  the 
subsonic  regime  for  three  sweep  angles  of  the 
wing.  The  reference  position  is  at  42-deg  and 
the  fuel  condition  is  wing  empty.  The  three- 
dimensional  aerodynamic  theory  of  Ref.  5-3, 
which  accounts  for  compressibility  effects,  has 
been  used  in  the  analysis. 


Figure  5-26  presents  the  effect  of  wing  sweep  on 
flutter  speed  of  the  empty  wing  at  three  altitudes. 
Comparing  the  aerodynamic  theories  of  Refs. 

5-1  and  5-3  for  the  sea -level  case,  the  two- 
dimensional  results  are  approximately  12  percent 
conservative  on  speed. 

Wing  stiffness  effects  on  flutter  speed  of  the  empty 
wmg  are  shown  in  Fig.  5-27.  Results  indicate 


Figure  5-23.  Transonic  Flutter  Model  Vertical-Tail  Skin  Layup 


increasing  flutter  speed  with  an  increase  in  wing 
stiffness  outboard  of  the  pivot,  but  decreasing 
flutter  speed  with  increase  in  inboard  wing  stiff¬ 
ness. 

Results  of  a  limited  number  of  semispan  empty 
wing  tests  (Fig.  5-28)  conducted  in  the  low-speed 
tunnel  at  Convair  are  presented  in  Fig.  5-29. 

The  trend  and  magnitude  of  flutter  speeds  com¬ 
pare  favorably  with  the  results  of  semispan  analy¬ 
sis  using  Ref.  5-3  aerodynamic  theory. 


Figure  5-24.  6-2707  Wing  Stiffness 
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Supersonic  wind-tunnel  tests  of  semispan  wings 
(Figs.  5-30  and  5-31)  were  conducted  in  the 
Boeing  supersonic  wind  tunnel  during  November 
1965  and  April  1966.  TTie  models  were  fabricated 
of  fiberglass  using  spar  and  rib  ccnbt?'uction  and 
were  injected  into  the  tunnel.  Results  of  the  two 
"tests,  shown  in  Figs.  5-32  and  5-33,  indicate 
substantial  margins  of  safety  for  flutter.  Note 
the  rapid  increase  of  flutter  q  with  Mach  number 
in  the  region  of  M  1. 6  for  both  60-  and  72 -deg 
sweep. 

5.2.2  Horizontal  Tall 

Semispan  parametric  studies  of  the  B-2707  hori¬ 
zontal  tail  were  conducted  using  slender  beam 
theory  modified  to  allow  inclusion  of  cranked 
elastic  axis  effects  and  Included  three  bending  and 
three  torsional  modes  of  the  stabilizer.  The 
aerodynamic  theory  of  Ref.  5-3  was  employed  for 
the  subsonic  studies.  The  nominal  bending  and 
torsional  stiffness  distributions  are  shown  In 
Fig.  5-34.  Computed  flutter  speed  for  the  B- 
2707  cantilevered  stabilizer  is  700  kn  TAS  at  sea 
level,  which  substantially  exceeds  1.2  Vq-  The 
comput  «d  value  compares  favorably  with  me  test 
speed  o.  800  kn  TAS  at  20,000  ft.  (See  Fig.  5-35. ) 

A  comparison  of  the  planform  parameters  for 
three  horizontal  tall  configurations  with  mounted 
engines ,  for  which  flutter  analyses  have  been 
made,  is  presented  in  Table  5 -A,  and  the  relative 
torsional  stiffnesses  are  plotted  in  Fig.  5-36. 
Areas  and  lengths  shown  are  based  on  a  planform 
where  the  root  chord  is  taken  as  a  strcamwise 
line  at  the  point  where  the  elastic  axis  meets  the 
side  of  the  fuselage,  and  the  tip  chord  is  taken 
as  parallel  to  the  stream  at  the  point  wher*  the 
elastic  axis  cuts  the  actual  swept  tip. 

Computed  flutter  speeds  for  the  coiiflgurrt'ons 
listed  in  Table  5  are  shown  in  Fig.  5-37. 

Speeds  for  various  positions  of  the  outboard- 
engine  center  of  gravity  display  a  trend  of 
decreasing  flutter  speed  with  aft  movem<’n*  of  the 
center  of  gravity  and  Indicate  a  bencflci  n  effect 
from  movement  of  the  engine  inboard,  since  the 
speed  increase  of  the  46'’D  and  B-27('7  configura¬ 
tions  uver  the  -t^ic  canrjt  be  accounted  for  by 
stiffness  llfferences  :ilone. 

Subsonic  wind-tunnel  tests  of  semispan  h  rlzontal- 
tall  models  (Fig.  5-3h)  comiucted  in  the  Convalr 
Tunnel  in  August  196G  produced  tiie  results  .hown 


in  Fig.  5-35.  The  test  speeds  are  in  general 
agreement  with  analytical  speeds  for  the  B-2707, 
both  exceeding  the  required  flutter  speed  margin. 
However,  trends  of  flutter  speed  with  chordwlse 
position  of  the  outboard  nacelle,  as  obtained  from 
test  and  analysis,  do  not  correspond.  Analytical 
studies  to  investigate  the  trend  ^screpancy  are 
in  progress. 

St .  n  flutter  analyses  of  earlier  horizontal 
tall  configurations  provided  a  comparison  of 
analytical  results  with  wind-tunnel  test  data  for 
low -aspect -ratio  surfaces.  The  results,  shown 
In  Table  5-B,  indicate  good  agreement  between 
test  data  and  analvsis  using  the  aerodynamic 
theory  of  Ref.  5-3.  Analysis  employing  Tief.  5-1 
aerodynamics  is  seen  to  be  very  conservative. 

Supersonic  flutter  tests  to  investigate  aerodynam¬ 
ic  coupling  effects  with  the  wing  adjacent  to  the 
horizontal  tail  are  scheduled  for  mid-September 
1966.  The  horizontal-tail  test  configuration 
includes  scaled  flow-throu^  nacelles,  as  shown 
by  Fig.  5-39. 

5.2.3  Vertical  TaU 

Flutter  analyses  of  the  vertical  tail  of  the  B-2707 
were  based  on  elastic  axis  representation  of  the 
cantlleve..  ud  structure  and  Included  two  bending 
and  two  torsional  modes.  The  aerodynamic 
theory  of  Ref.  5-3  was  used  for  jubsonic  studies 
and  the  Mach  Box  theory  of  Refs.  5-4  and  5-5  for 
supersonic  analysis.  Subsonic  analyses  were  con¬ 
ducted  on  the  proposal -configuration  fin  with 
60 -deg  leading  edge  sweep  as  well  as  an  earlier 
fin  planform  with  50-deg  leading  edge  sweep. 

Supc  .  sonic  flutter  analysis  was  made  only  on  the 
fin  planform  with  50-deg  leading  edge  sweep. 
Results  of  analyses  and  supporting  tests  indicate 
that  the  B-2707  vertical  tail  configuration  with 
60-deg  leading  edge  swi  orovides  adequate 
flutter  speed  margins. 

The  comparative  stiffness  distribution  for  the  two 
fin  configurations  is  shown  in  Fig.  5-40,  Figure 
5-41  presents  results  of  flutter  analyses  in  terms 
of  altitude-airspeed  boundary.  A  test  data  point 
scaled  from  the  low -speed  wind  tunnel  test  of  the 
50-deg  leading  edge  fin  (Fig.  5-42)  at  the  Convalr 
8-  by  12-ft  tunnel  in  August  1966,  is  plotted  in 
Fig.  5-41  at  the  scaled  altitude  of  20,000  ft.  The 
analysis  is  sor.ewhat  conservative  when  com¬ 
pared  with  test  daf^.  Data  from  supersonic  tests 
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Figure  5-28.  Semispan  Subsonic  Wing  Model 


Figure  5-29.  Comparison  of  Analysis  and  Test 
Flutter  Speeds 


Figure  5-30.  Supersonic  Wing  Flutter  Model  Construction 


Figure  5-3?.  Supersonic  Wing  Flutter  Model  Test  Installation 
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of  50-deg  leading  edge  fins  (Fig.  5-43),  conducted 
during  April  and  July  1966,  are  shown  in  Fig. 
5-44.  No  flutter  was  encountered.  The  shaded 
portion  of  the  plot  indicates  a  cfynamic  pressure  — 
Mach  number  region  where  an  intermittent  oscil¬ 
lation,  confined  to  the  outboard  pKjrtion  of  the  fin, 
appeared  at  dynamic  pressures  substantially  high¬ 
er  than  the  1. 2  Vd  boundary. 

5.3  CONTROL  SURFACES 
Control  surface  flutter  is  prevented  by  the  irre¬ 
versible  control  system,  which  provides  adequate 
frequency  separation  between  the  control  surfaces 
and  the  primary  surfaces.  For  example,  the  ele¬ 
vens  have  10-cps  rotational  frequencies  compared 
with  the  first  torsional  frequency,  5  cps,  of  the 
horizontal  tail.  The  frequency  requirements  for 
the  other  control  surfaces  are  established  for  the 
prevention  of  transonic  buzz.  All  these  frequen¬ 
cies  meet  or  exceed  the  frequency -separation  cri¬ 
terion  specified  in  Military  Specification  MIL-A- 
8870. 


Figure  5-42.  Subsonic  Fin  Flutter  Model 


The  criterion  that  establishes  the  minimum 


frequency  requirements  for  the  prevention  of 
transonic  buzz  is  presented  in  Par.  2.3. 1.  Using 
this  criterion,  the  required  minimum  rotational 
frequencies  for  the  various  control  surfaces  are: 

Control  surface 

Minimum  frequency 
(cps) 

Lower  rudder 

5.02 

Upper  rudder 

16.  0 

Inboard  elevons 

5.34 

Elevators 

8.9 

Aileron 

17.8 

Flap 

7.25  to  15.  6 

Wing  spoilers 

17.  8  to  36.4 

Design  is  proceeding  to  equal  or  exceed  these 
minimum  requirements. 


Figure  5-43.  Supersonic  Fin  Flutter  Model 
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A  lartcr-(*v'aU‘  nuxlel  v^Hh  representative  control 
surfaces  will  In*  tested  In  a  transonic  wind  tunnel, 
such  as  the  Ames  11 -ft  tunnel,  to  verify  that  the 
requirements  are  satisfactory.  Provisions  for 
varying  thi*  rotational  sprlnK  rates  of  all  surfaces 
will  lx*  incorfio rated  Into  this  model  Althouith  the 
l>uzi  phenomenon  Is  not  e\ix*cted  to  occur  on 
spoller-tyjie  surfaces,  fh<>se  surfaces  \*1ll  be 
properly  represented  on  the  model,  and  free- 
floating;  tests  u1ll  Ih-  conducted 

STAHIl.lTY  AICMKNTATION  SYSTKM 
Preliminary  stud)'  of  electronic  flltertnK  as  the 
optimum  method  for  prevention  of  aeroelastlc- 
feeifliack  Instabilities  has  established  the  feasibil¬ 
ity  of  the  concept  Reliance  on  hvdraullc  filter¬ 
ing,  ij-laUsI  til  iiinlrul  s\slem  pro(KTtles,  is 
not  proposed  since  servo  and  actuator  frequency 
res(tonso  is  maintained  flat  to  5  cps  to  provide  for 
adesjuate  s(ieed  of  res;»nse  to  control  Input  and  to 
ensure  satisfactory  phase  relationships  at  the 
loxer  frtsiuencies.  Pli;ure  3-81  shows  represent¬ 
ative  modal  frtsiuencles  for  the  first  four  vibra¬ 
tion  mo<les  of  1  IT,  2  2r),  2  5f),  and  3.  81  cps. 

Past  exiH'rience  has  Indicated  that  any  method  of 


attenuatinK  elastic  feedback  iwtential  must  begin 
at  Just  beyond  the  flying  qualities  frequencies  and 
he  well  attenuated  at  the  lowest  elastic  frequen¬ 
cies. 

Preliminary  study  of  electronic  filtering  charac¬ 
teristics  required  for  pitch  axis  SAS  design  had  an 
objective  of  providing  satisfactory  handling  quali¬ 
ties  without  using  scheduled  feedback  gains.  This 
analysis  resulted  in  a  filter  that  had  too  much  gain 
at  high  frequency  when  flexible  mode  coupling  ef¬ 
fects  were  considered.  Bv  grouping  the  flight 
conditions  in  wlngs-forward  and  wlngs-aft  sets 
and  designing  a  comfiensation  filter  for  each  set, 
the  high-frequency  gain  is  reduced  considerably. 
This  analysis  is  presented  in  the  Development 
Data  Document,  D6A-10339-1 

Stability  analysis  is  underway  for  the  pitch  axis  of 
the  SAS  using  digital  techniques.  The  mathemati¬ 
cal  model  has  two  rigid  modes,  five  flexible 
modes,  and  the  pitch  axis  SAS  Root  locus  dia¬ 
grams  showing  the  variation  of  pole  zero  location 
due  to  tolerances  in  the  loop  gain  and  loop  phase 
are  also  presented  in  the  Development  Data  Docu¬ 
ment.  Expandt'd  investigation  of  the  required  fil¬ 
ter  characteristics  is  planned  for  Phase  III  when 
l)oth  airframe  stability  dt*rivatlves  and  vibration 
modes  are  IxRtcr  defined.  The  goal  of  this  study 
will  be  to  derive  filters  that  cut  off  the  gain  above 
the  rlgld-mo<le  fri'quencles  at  a  high  rate  so  that 
the  flexible -rnodt*  gain  margins  are  satisfactory 
Iffects  of  sensor  placement  will  also  be  studied. 

Provisions  for  trl|)le  force  summed  servos  and 
surface  aciualui  s  «  nsure  that  a  single  failure 
does  not  im(>alr  system  o[ieratlon  and  that  the 
second  failure  will  In*  |>asslvc  Failure  of  elec¬ 
tronic  filtering  elements  Is  very  remote  due  to  the 
use  of  solid-state  technolog)'  Protection  against 
such  failures  is  provbk'd  by  having  at  least  three 
channels  of  elect  i  onics  and  sensors  in  each  SAS 
axis  The  output  signals  are  [lassed  through  vot¬ 
ing  circuits  tiefore  thiy  are  routed  to  the  servos 
The  pitch  and  yaw  .i\es  are  fall  ojx'ratlonal  after 
two  failures  and  fall  iiassive  on  the  third  The 
roll  axis  Is  fall-ojx'ratlonal  on  the  first  failure 
and  fall-|)asslve  on  the  second 

r>.r,  PA.M.l.  Fl.lTTFB 

fh'slgn  criteria  for  the  prevention  of  [Xinel  flutter 
have  Ix'en  applied  to  surface  structure  of  the 
11-2707  for  the  most  critical  conditions  of  load 
factor,  dynamic  pressure,  and  Mach  numlier 
ftequlrements  for  the  design  of  skin  panels  for  the 
prevention  of  iianel  flutter  are  based  on  data  from 
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Ref.  5-6  updated  to  reflect  subsequent  test  data 
from  numerous  sources.  (These  composite  data 
are  somewhat  more  conservative  than  the  para¬ 
metric  curve  presented  in  Ref.  5-7).  The  com¬ 
posite  criteria  are  used  in  conjunction  with  the 
critical  portion  of  the  flight  profile  (M  1.  2  to 
M  1, 8)  and  the  required  flutter  margins  (1. 44  qjj) 
to  determine  design  requirements  for  the  un¬ 
stressed,  unpressurized,  flat  panels.  These  re¬ 
quirements  are  shown  in  Fig  5-45.  Also  shown 
for  comparison  are  the  most  critical  panels  on 
the  airplane. 

The  effects  of  environment  (other  than  external 
airflow  conditions)  are  considered  separately. 
Figures  5-46  through  5-49  present  data  for  ad¬ 
justing  the  flat  panel  requirements  to  reflect  the. 
effects  of  pressure  differential,  compression 
loading,  midplane  tension  stress,  and  curvature. 
These  data  are  given  in  terms  of  the  ratio  of  ef¬ 
fective  thickness  to  actual  thickness;  the  effective 
thickness  is  then  used  in  Fig.  5-45  to  evaluate  the 
panel.  Elevated  temperature  is  taken  into  account 
by  reduction  in  the  modulus  of  elasticity. 


Figure  C-45.  Pont/  Flutist  Po^ui'romonfo 
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Figure  5‘46.  Efhct  of  Protsuro  Dlfforontlal 


The  effect  of  pressurization  on  effective  thickness 
(Fig.  5-46)  is  based  on  test  data  presented  in  Ref. 
5-6.  The  pressure  differential  used  in  the  design 
of  the  panels  is  the  minimum  that  is  expected  to 
occur  during  any  operating  condition  throughout 
the  critical  Mach  number  range. 

The  effect  of  compressive  loading  in  terms  (tf 
critical  buckling  load  on  effective  thickness  (Fig. 
5-47)  is  based  on  unpublished  data  obtained  from 
tests  conducted  by  Robert  W.  Hess  of  the  NASA- 
Laugley  Research  Center.  The  ratio  of  actiial 
load  to  critical  buckling  load  (N/Ncr)  is  the  max¬ 
imum  that  is  expected  to  occur  through  the  criti¬ 
cal  Mach  number  range. 

The  effect  of  tension  loading  on  effective  thick¬ 
ness,  given  by  the  equation  in  Fig.  5-48,  is  based 
on  frequency  equivalence  (i.  e.  panels  having  sim¬ 
ilar  geometric  and  frequency  properties  have  been 
shown  to  exhibit  the  same  flutter  dynamic  pres¬ 
sures).  A  panel  of  thickness  t^  with  midplane 
tension  stress  and  Cy  has  tlie  same  first  natu¬ 
ral  frequency  as  a  nonnressed  panel  of  thickness 
tg.  The  tension  stresses  used  to  establish  the 
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Fjgurt  5’47.  EfUet  of  Compeoition  Looding 
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Figuro  5*49.  Effoci  of  Curvoturt 


equivalent  thicknesses  are  the  minimums  expected 
to  occur  through  the  critical  Mach  number  range 

The  effect  of  curvature  on  effective  thickness  is 
given  by  the  equation  in  Fig.  5-49.  Again,  fre¬ 
quency  equivalence  is  the  basis  of  the  equation. 
Frequency  equivalence  is  used  as  a  rough  guide 
for  W/r-  it/4.  For  larger  values  of  W/r,  It  is 

1  1/3 

required  that  t/r  0.  322  (-^)  as  shown  by 
Y.  C.  Fung  in  Hcf. 

As  the  design  progresses,  any  panels  that  appear 
to  be  marginal  will  be  analyzed  in  detail  using 
stiffness  and  aerodynamic  computer  programs 
that  have  been  developed  by  the  Company. 

5.6  FULL-SCALE  TESTS 
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Figuro  5-4A.  Effoet  of  Tontion  Loeding 


5.  6.  1  Ground  Vibration  Test 
A  comprehensive  vibration  test  program  will  be 
conducted  on  the  first  prototype  airplane  as  a  final 
experimental  verification  of  \ibratlon  modes  and 
frequencies  employed  in  theoretical  analysis  and 
measured  on  wind-tunnel  flutter  models.  In  some 
cases,  preliminary  vibration  checks  of  full-scale 
components  will  lie  made  in  order  to  obtain  the 
earliest  verification  of  basic  data.  Ground  vibra¬ 
tion  test  of  the  prototyix?  airplane  will  i)e  per¬ 
formed  on  the  airplane  before  rollout 
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For  preliminary  component  tests,  special  jigs 
will  be  constructed  to  provide  required  boundary 
conditions  for  each  surface.  In  the  case  of  the 
complete  airplane,  support  \»’lll  be  provided 
through  the  main  and  nose  gear  with  air  and  oil 
removed  from  the  struts  and  with  wheel  axles 
supported  by  special  trunnions  attached  to  the 
hangar  floor.  Vibration  test  configurations  will 
be  established  on  the  basis  of  results  of  model  and 
analytical  flutter  investigations.  Alrpla.ne  modes 
will  be  compared  with  those  from  the  model  and 
analyses  for  comparable  boundary  conditions  and 
differenc''s  accounted  for  In  repeat  analyses  and 
model  testing. 

All  control  surfaces  will  be  locked  except  during 
tests  Involving  the  control  systems.  When  control 
surfaces  are  vibrated,  the  supporting  structure 
will  be  appropriately  supported  to  effectively  lock 
out  the  structure. 

Multiple  electromagnetic  shakers  \»1ll  be  em¬ 
ployed  to  provide  excitation  of  natural  modes 
Ilesponse  measurements  from  accelerometers  lo¬ 
cated  on  the  airplane  will  be  recorded  on  magnetic 
taiK*.  Visual  display  will  provide  an  on-the-spot 
evaluation  of  resonant  conditions  Computer  pro¬ 
grams  will  be  utilized  that  (ermlt  conversion  of 
taped  readout  to  plotted  mode  sha(ea  for  the  re.>o- 
nant  conditions  within  2-1  hr. 

Shaker  locations  and  phasing  will  lie  chosen  to 
provide  excitation  of  the  airplane  and  all  m.ijor 
components  in  all  significant  modes.  ExclUtlon 
will  be  provided  with  continuous  frequency  varia¬ 
tion  from  0  cps  to  a  selected  maximum.  Re- 
sixjnse  will  be  recorded  at  small  frequency  Inter¬ 
vals  and  at  all  resonant  peaks  in  the  selected 
range . 

5.6.2  Flight  Flutter 

A  flight  flutter  test  program  will  l)e  conducted  to 
demonstrate  the  flutter  safety  of  the  airplane. 

The  test  program  will  evaluate  and  demonstrate 
the  flutter  stability  boundaries  for  all  flight  condi¬ 
tions  up  to  the  design  dive  speed.  Stability  will  be 
established  using  the  criterion  that  the  minimum 
acceptable  coefficient  of  damping  be  equal  to  or 
greater  than  3  percent  for  all  pertinent  modes. 
Preliminary  flight  flutter  clearance  speeds  will  be 
established  during  the  first  100-hr  flight  test  pro¬ 
gram  to  facilitate  early  testing  for  other  critical 
programs.  The  final  clearance  will  be 


established  early  In  the  teat  period  following  the 
initial  100-hr  test  program. 

The  technique  used  to  evaluate  the  damping  char¬ 
acteristics  is  to  measure  the  response  (Including 
rate  of  decay)  due  to  various  types  of  excitation. 
The  response  of  the  airplane  will  be  measured  by 
vibration  plclnips  (accelerometers  and  vlbrome- 
ters)  at  a  sufficient  number  of  points  on  the  prl- 
marv  structure,  control  surfaces,  control  sys¬ 
tems,  and  skin  panels  to  accurately  define  the 
mode  shapes  and  associated  frequencies,  phasing, 
and  damping.  About  60  pickup  locations  are  re¬ 
quired  to  measure  the  response.  The  frequency 
response  range  that  will  be  explored  is  0  to  20  cps 
except  for  the  skin  panels  in  which  it  will  be  50  to 
500  cps. 

The  following  methods  of  structural  excitation  are 
being  considered; 

a  Control -surface  Impulse  by  pilot 

b.  Surface -mounted  rocket  charges 

c  Surface -mounted  eccentric  inertia 
shakers 

d.  Oscillating  external  av  rodynamlc  vane 

e.  Oscillation  of  control  surfaces  by  the  con¬ 
trol  actuation  system 

The  selection  of  the  method  or  combination  of 
methods  will  be  made  after  the  airplane  response 
studies  are  completed. 

The  flutter  stability  characteristics  will  be  evalu¬ 
ated  for  each  condition  by  exciting  the  airplane 
using  one  or  more  of  these  methods,  measuring 
the  response,  and  determining  the  damping.  The 
response  will  be  monitored  at  a  ground  control 
station  where  telemetered  data  will  be  automati- 
cail)  reduced  and  plotted.  When  adequate  damp¬ 
ing  has  been  established,  the  aii)lane  will  be 
cleared  to  proceed  to  the  next  condition  In  this 
manner  the  airplane  will  be  cleared  throughout  the 
operating  speed  range  for  all  critical  combina¬ 
tions  of  minimum  altitude  and  maximum  Mach 
number,  and  the  minimum  altitude  at  which  maxi¬ 
mum  dynamic  pressure  can  be  obtained  for  each 
design  wing  sweep  position 
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6.0  VIBRATION 


The  B-2707  configuration  was  analyzed  for  sonic 
and  mechanical  forcing  environments  and  the 
attendant  structural  vibration.  Aerodynamic 
boundary- layer  noise  is  the  design  environment 
for  the  cab  area  and  forward  electronics  bay. 
Engine-generated  noise  is  the  design  environment 
for  most  of  the  rest  of  the  airplane.  Areas  such 
as  wheel  wells  and  engine  nacelles  are  treated  as 
local  structural  environments  and  are  analyzed 
separately. 

The  vibration  environment  and  test  requirements 
for  B-2707  equipment  have  been  established.  The 
equipment  vibration  test  specification  (Ref.  6-1) 
was  released  and  is  applicable  for  Phase  III  use. 

Vibration  environments  compare  favorably  with 
Boeing  707  transport  environments. 

6. 1  METHODS  OF  ANALYSIS 
The  primary  forcing  function  for  airplane  environ¬ 
mental  vibration  is  the  external  sound  field  com¬ 
posed  of  contributions  from  aerodynamic 
boundary-layer  noise  and  engine  noise.  The 
effects  on  equipment  located  near  mechanical  vi¬ 
bration  sources,  such  as  rotating  equipment,  is 
studied. 

The  general  approach  to  vibration  design  employs 
the  use  of  data  on  vibration  response  of  structure 
to  the  various  forcing  functior.?  obtained  from 
company- sponsored  research  (Ref.  6-2).  These 
data  are  backed  up  by  a  theoretical  analysis  of 
the  structural  environment  in  the  application  of 
the  data  to  the  B-2707  airplane. 

The  environments  from  the  various  sources  are 
compiled  on  a  frequency  spectra  basis  along  with 
expected  total  times  at  these  conditions.  These 
environments  are  added  on  a  damage  basis  by  a 
method  outlined  in  Ref.  6-3  to  obtain  a  single  de¬ 
sign  environment  at  a  relatively  long  service  time. 

This  same  principle  is  then  used  to  effect  a  tln»e 
compression  for  the  purpose  of  obtaining  a  test 
environment  at  a  reasonably  short  test  time 
(about  .0  hr).  The  resultant  test  amplitudes  have 
been  increased  over  the  design  environment  as 
outlined  in  Ref.  6-3. 


6. 1. 1  Sonically  Induced  Vibration 
The  major  contribution  to  airplane  vibration 
comes  from  dynamic  response  of  the  structure  to 
the  external  noise  field.  Maximum  vibration 
levels  in  the  forward  fuselage  result  from  turbu¬ 
lent  boundary-layer-induced  aerodynamic  noise 
and  in  the  remainder  of  the  airplane  from  takeoff 
engine  noise  levels  and  thrust  reverser  application. 

The  dynamic  response  of  the  structure  is  a  func¬ 
tion  of  the  external  sound  pressure,  structural 
joint  acceptance,  and  the  effective  mass  of  the 
structure  in  the  various  modes  of  vibration. 

The  sonic  design  environments  are  shown  in  Figs. 
6-1  and  6-2  for  the  two  engine  configurations  be¬ 
ing  proposed  (Ref.  6-4).  Reductions  are  included 
for  proposed  sound  suppression  (Refs.  6-5  and  6-6). 

The  structural  joint  acceptance  (a  coupling  term 
between  structural  wave  length  and  acoustic  wave 
length)  and  the  effective  mass  are  combined 
to  form  a  vibro-acoustic  mobility  term.  This 
mobility  term  or  transfer  function  is  used  in  con¬ 
junction  with  the  sound  environment  and  structural 
surface  density  to  produce  the  vibratory  acceleration 
design  environment. 

The  response  of  a  panel  to  an  incident  sound  field 
is  of  the  form 


aV)  " 

n'  ' 

[p^d]  [j„(()]  [|V„(1)|]  (K.(.  6- 

where. 

A^(0 

acceleration  power  spectral  density 
(A  PSD)  (g2  cps) 

P‘(f) 

pressure  spectral  i.ensity  of  random 
noise  (psl-  cps) 

Jn(l)  = 

joint  acceptance  of  nth  mode 

absolute  value  of  average  acceleration 
mobility  of  the  itanel 
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or  (x,y)  =  mean  square  mode  shape 
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-  natural  frequency  of  nth  mode 

Q  =  dynamic  amplification  factor 

The  mean  square  mode  shape  for  a  simple  sup¬ 
ported  panel  is  ^(x,y)  1/4.  The  joint  accept¬ 

ance  of  a  simply  supported  panel  is  ^  =  4/ir^. 
Combining  these  equations  and  setting  V  -  f , 
the  space  average  response  is 
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■j 

m“ 
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The  vibro-acoustic  transfer  function  or  mobility 
used  for  vibration  prediction  is  about  80  percent 
of  mechanical  transmissibility  or  Q  and  may  be 
expressed  as 


Vibro-acoustic  mobility  - 


P“(f) 


M 

In  decibel  form,  10  log  mobility  10  log 
(A“(f)  m- 1  -  PSL  10  log  g-  -  172.4  where 
PSL  ts  the  pressure  s()».*ctrum  level,  db  (re 
0.0002  dynes  cm“)  p^.p  . 

This  development  can  be  applied  to  large  sections 
of  structure  as  well  as  pitnels.  .A  graph  of  the 
actual  design  value  used  for  vibration  prediction 
Is  shown  in  Fig.  0-3.  The  curve  is  based  on 
panel  and  cylinder  test  data  from  Refs.  6-2  and 
0-S  altenii  to  n-2707  construction  and  grazing 
incidi-nce.  The  resultant  design  environment  for 
th«-  wing  Is  shown  ;n  Fig.  0-4. 


rh«'  acceleration  mobility  is  given  by 


wh«Te 


m*  ft  *(x.y)  \(f*  -  (■)  •  (f^  (  g) 


surfao  weight  density  of  iianel  (psi) 


0.1.2  Mechanically  In*luc»sl  Vibration 
Mechanically  induci*<1  vibration  from  rotating 
e<julpment  is  mvestlgateil  on  an  individual  basis. 
Where  structural  fatigue  or  (nssenger  comfort  is 
.iffectetl,  tunenl  vibration  isolators  will  be  8(x-ci- 
fu*ti,  using  out-of-lKilance  limits  :md  operating 
s|X'eds  of  the  isjulpment  as  design  parameters. 
The  resultant  transmittixl  vibration  will  Ih-  within 
acceptable  limits  for  e<|Uipment  su()(X>rt  fatigue 
life  and  (Mssenger  lornfort  tolerances. 
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Figure  6-3.  V/bro-Acousf/c  Hobility  Function 


momt’  cxiii  ••  uco* 


Figuto  6-4.  Vibration  Environmont,  ^ing-MountoJ 
Equipmont 

The  engines  are  to  be  designed  to  a  vibration  tol¬ 
erance  of  5  mils  double  amplitude.  In  view  of  the 
short  transmitted  load  path  from  the  inboard 
engine  to  the  fuselage,  vibration  isolation  is  spec¬ 
ified  in  the  Interest  of  minimizing  annoyance  due 
to  rotor  vibration.  The  support  frequencies  will 
be  well  below  the  operating  rpm  range  of  the 
engines,  resulting  in  attenuation  of  operating 
vibration. 


Vibration  levels  recorded  in  Boeing  subsonic  jet 
engines  have  been  scaled  to  the  B-2707  engine  vi¬ 
bration  environment, 

6.2  DESIGN 

When  analysis  or  past  experience  shows  that  a 
particular  piece  of  equipment  is  susceptible  to 
vibration  damage,  vibration  isolators  may  be 
specified  to  maintain  transmitted  vibration  to 
safe  levels.  Vibration  isolators  will  also  be  em¬ 
ployed  at  the  mounting  points  of  rotating  equip¬ 
ment  in  order  to  keep  structural  excitation  mini¬ 
mized.  Equipment  support  vibration  load  factors 
will  be  provided  for  stress  design. 

6.3  EQUIPMENT  TEST  PROGRAM 

An  equipment  vibration  test  program  will  be  ini¬ 
tiated  to  provide  adequate  reliability  of  equipment. 
The  test  specification  will  employ  predictions 
from  Par.  6. 1,  which  have  been  altered  to  pro¬ 
vide  ease  of  testing  for  random  vibration.  A 
sinusoidal  testing  option  may  be  employed  where 
equipment  design  permits.  All  qualification  test¬ 
ing  will  be  preceded  by  sinusoidal  sweeps  for 
resonance  identification.  The  equipment  vibra¬ 
tion  test  specification  (Ref.  6-1)  will  be  followed. 

When  an  item  of  equipment  has  passed  equivalent 
testing  from  other  airplane  test  requirements,  it 
may  be  exempted  from  additional  testing  for 
B-2707  certification. 

6.3. 1  Random  Testing 

Random  vibration  testing  will  be  the  preferred 
testing  technique,  since  it  more  closely  simulates 
the  airplane  environment.  For  equipment  in  which 
simultaneous  interaction  of  several  resonances 
would  produce  malfunction,  this  test  method  may 
uncover  problems  in  the  development  stage, 
whereas  sinusoidal  testing  may  not. 

Testing  is  performed  at  slightly  elevated  levels  to 
compress  test  times  for  economic  reasons.  A 
typical  vibration  test  requirement  is  shown  in 
Fig.  6-5. 

6.3.2  Sinusoidal  Testing 

When  an  equipment  item  is  shown  by  analysis  to 
contain  no  internal  resonance  couph  'g  problems 
and  does  not  contain  vacuum  tubei  <  other 
tive  components,  sinusoidal  testin  .  will  be  pei  ' 
mitted  on  a  selective  basis.  The  preliminary 
resonance  scan  may  be  used  to  specify  a  substi¬ 
tute  sinusoidal  test  on  the  basis  of  equal  peak 
response  for  both  tests. 
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Figure  6-5.  Vibration  Tatt,  Wing-MountaJ  Equipmant 


A  typical  substitute  sim  soidal  test  is  shown  in 
FliJ.  r>-6  nssuminK  several  package  resonances 
with  a  resonant  amplification  factor  of  10. 

G.  3.3  Special  Considerations 
Because  the  sonic  forcing  env.ronment  Imping¬ 
ing  on  the  external  surface  of  the  airplane  is 
effectively  a  force  environment  (sound  pressure 
times  wetted  area),  the  resultant  acreleration  is 
a  function  of  the  effective  mass  of  the  structure. 
The  external  structure  is  very  light  in  weight  and 
therefore  has  a  low  mechanical  impedance.  When 
a  heavy  equipment  is  located  on  secondary  struc¬ 
ture,  the  mechanical  imix'da.ice  mismatch  results 
in  a  radically  reduced  acceleration  environment 
at  the  heavy  equipment  This  fact  was  verified 
on  test  structure  (Ref.  >'-8)  as  well  as  analytically. 
Therefore,  reduced  test  levels  will  be  used  for 
cHiuipment  exceeding  30  lb  in  weight. 

6.4  VERIFICATION  AND  FLAP  .'..'G 
The  airplane  vibration  environmet wii!  I'c  veri¬ 
fied  by  the  ground  vibration  survey  witii  engines 
running,  conducted  on  the  prototype  during 
Phase  III.  One  purpose  of  this  test  will  be  to 
confirm  the  predicted  relationship  betw'jrn  take¬ 
off  sound  field  and  airplane  internal  vibration 
response.  The  internal  vibration  m  asureoients 
will  reveal  any  deficiec.''ic,s  that  m,;  ht  exist  in 
the  equipment  in  time  for  changes  u  Kiuirment 
or  supports  in  prototyfR*  airplanes 


Figurt  6-6.  Typical  Sinutoidol  Tatt,  Wing-Hountad 
Equipmant 

The  external  sound  field  will  be  measured  to 
establish  a  structural  transfer  function  to  evalu¬ 
ate  changes  in  vibration  environment  for  possible 
future  engine  changes. 

Test-stand  engine  operation  will  yield  data  on 
engine  vibration  and  sonic  environment  and  will  be 
useful  as  support  information.  Vibration  predic¬ 
tions  will  be  updated  during  Phase  ID  as  improved 
information  on  sonic  levels  and  structural  defini¬ 
tion  becomes  available. 

The  flight  measurement  program  will  be  carried 
out  using  instrumentation  installed  from  previous 
ground  tests.  Nominal  flight  missions  will  be 
chosen  from  the  flight  test  plan  foi  recording  data. 

A  major  effort  toward  project  support  will  be 
made  during  Phase  III  to  assist  design  personnel 
in  equipment  specification  preparation  and  design 
for  vibration  control. 
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